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REMARKS 

Reconsideration of the present application is respectfully requested. Claims 
2-8, and 12-15 are pending. Claims 9-11 have been cancelled as belonging to a 
non-elected invention. The right to pursue these claims in a continuing application is 
reserved. No change of inventorship is necessary. Claim 1 has been cancelled and 
rewritten as new claims 12-15. Claims 2-4 have been amended to correct 
dependency. Support for these claims is found in the claims as originally filed, and 
throughout the specification. No new matter has been added. 

Applicant has amended the specification to delete references to Internet 
hyperlinks. 

The marked up version of these amendments is found on a separate sheet 
attached to this amendment and titled " Version with Markings to Show Changes 
Made. " It is respectfully requested that the amendments be entered. 

Election/Restriction 

The Examiner has issued a restriction requirement, and has required election 
of either the invention of Group I (Claims 1-8) or Group II (Claims 9-11). Applicants 
hereby affirm the election to prosecute the claims of Group I, with traverse as filed 
8/31/01 . Applicants expressly reserve the right to file a divisional applications 
relating to and claiming the inventions of Group II and/or Group III. No change of 
inventorship is required due to this election of Group I. 

Rejections under 35 U.S.C. 5101: 

Claims 1-8 are rejected under 35 U.S.C. §101 as not having either a credible 
asserted utility or a well-established utility. Claim 1 has been cancelled and 
rewritten as claims 12-15, the rejection will be discussed as it applies to these 
claims. 
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The Examiner asserts that "No function of said polynucleotides are recited." 

Applicants have rewritten claim 1 as new claims 12-15. New claims 12 and 
1 3 now recite "wherein the polynucleotide encodes a polypeptide with Rad50 
activity." New claim 15 is dependent on new claim 12, so also requires that 30 
contiguous nucleotides come from a polynucleotide which encodes a polypeptide 
with Rad50 activity. New claim 14 is directed to polynucleotides which hybridize to 
SEQ ID NO: 1. Therefore, new claims 12-14 and dependent claims 2-8, and 15 do 
recite the function of the polynucleotides. 

The Examiner asserts "Applicants assert that a polynucleotide having 80% 
sequence identity to SEQ ID NO: 1 would have Rad50 activity. However it is unclear 
what would be the utility of said polynucleotide if the 20% lack of identity falls in a 
region crucial for the Rad50 activity." 

Applicants have rewritten claim 1 as new claims 12-15. This rejection will be 
discussed as it applies to new claim 12. In the preamble, Claim 12 recites "An 
isolated polynucleotide encoding a polypeptide with Rad50 activity Therefore, only 
polynucleotides with 80% sequence identity to SEQ ID NO: 1, which also encode a 
polypeptide with Rad50 activity are claimed. Further, not all embodiments must 
have utility for the invention as a whole to have utility. Inoperable embodiments of 
the claimed invention do not eliminate the utility of the operable embodiments. As it 
is stated in the MPEP 2107 II, page 2100-25: "... as the Federal Circuit has stated, 
'[t]o violate [35 U.S.C.] 101 the claimed device must be totally incapable of achieving 
a useful result. ' Brooktree Corp. v. Advanced Micro Devices, Inc., 977 F.2d 1555, 
1571, 24 USPQ2d 1401, 1412 (Fed. Cir. 1992)". 

The Examiner states "No data that relates SEQ ID NO: 1 or SEQ ID NO: 2 to 
Rad50 activity has been shown." 

Applicants respectfully disagree, page 1 , line 15 - page 2, line 15 of the 
specification clearly details the well-established activity and features of Rad50 
polypeptides. Rad50 has been shown to be involved in DNA recombination and 
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repair, the present invention proposes to use the well established activity of RadSO 
to improve transformation efficiency in plants, therefore establishing specific and 
substantial utility for the present invention. Page 2, lines 18-25, and in Example 4 on 
pages 62-64, of the specification discuss the structural features shared by SEQ ID 
NO:2 of the present invention and other known RadSO proteins, including the 
predicted molecular weight, the presence of two ATP-binding sites (Walker boxes), 
nuclear localization signals, heptad repeats, and leucine zippers. In Appendix A, 
Applicants submit a multiple sequence alignment of SEQ ID NO: 2 with several other 
RadSO proteins. Identical and conserved amino acids, relative to SEQ ID NO: 2, are 
highlighted. The multiple sequence alignment illustrates the extensive homology, 
over the entire length of SEQ ID NO: 2, to other RadSO proteins. 

The Examiner asserts "However, the state of the art as exemplified by Bork et 
al suggests that a 31.7% of sequence identity of Applicant's SEQ ID NO: 2 with the 
known protein is insufficient to predictably determine the function of Applicant's 
protein." 

The identification of SEQ ID NO: 1 and SEQ ID NO: 2 as RadSO 
polynucleotide and polypeptide respectively, is not based merely on percent 
sequence identity alone, but is based on an analysis of several features, such as 
molecular weight, and sequence homology to known conserved domains contained 
in RadSO. These features include the presence and positioning of ATP-binding 
sites, nuclear localization signals, heptad repeats, and leucine zippers. As illustrated 
in the multiple sequence alignment presented in Appendix A, there is substantial 
homology to other RadSO proteins across the entire length of SEQ ID NO: 2. 
Therefore, the Applicant has established a credible utility for the sequences of the 
present invention. 

While Bork (Genome Research 10:398-400, 2000) certainly wishes to warn 
about the potential limits to extrapolating the data of high-throughput technologies 
which automatically annotate genomic sequencing efforts, he does not state that 
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computer-based homology searches are invalid or questionable. In fact, on page 
400, second column, second paragraph Bork states " However there is still no doubt 
that sequence analysis is extremely powerful and that the generation of hypotheses 
derived by computational methods will be more and more often the first successful 
step in the design of experiments. If 70% of such experiments were successful, the 
speed of scientific discoveries would grow exponentially." 

The Applicants also respectfully draw the Examiner's attention to the Utility 
Examination Guidelines, Official Gazette, January 30, 2001 which state "... when a 
patent application claiming a nucleic acid asserts a specific, substantial, and credible 
utility, and bases the assertion upon homology to existing nucleic acids having an 
accepted utility, the asserted utility must be accepted by the examiner unless the 
Office has sufficient evidence or sound scientific reasoning to rebut such an 
assertion." The Guidelines further state "[A] Vigorous correlation' need not be shown 
in order to establish practical utility; Reasonable correlation 1 is sufficient." Fujikawa v. 
Wattanasin, 93 F.3d 1559, 1565, 39 USPQ2d 1895, 1900 (Fed. Cir. 1996). 

The Examiner cites Lazar et al. {Mol Cell Biol 1998 8(3): 1247-1252), and 
Broun et al (Science 1998 282:131-133), which provide examples of very specific 
limited amino acid changes which result in elimination or alteration of the 
experimental protein's catalytic activity. 

There are usually many positions within the primary sequence of a protein 
where substitution has little or no effect on the protein's activity, there are even 
cases where these sites are also part of a binding domain or active site. There are 
even cases where substitution of a particular amino acid can increase catalytic 
activity. As was stated earlier, the invention is directed to compositions of Rad50 
and its activities, non-functional embodiments are not claimed and do not eliminate 
the utility of the function embodiments set forth in the claims. 

Applicants believe that the present invention has a well-established utility for 
which they have proposed specific, substantial and credible uses in the present 



11 



02/14/02 THU 14:44 FAX 515 334 6883 



PIONEER HI -BRED DSM 



12 015 



Serial No. 09/538,396 
Group Art Unit: 1638 

application. Applicants have properly addressed by argument and amendment the 
grounds for the rejection of originally filed claims 1-18 under 35 U.S.C. §101 as it 
would apply to pending claims 2-8, and 12-15, and respectfully request that the 
rejection of the claims under 35 U.S.C §101 be withdrawn. 

Rejections under 35 U.S.C, S112, first paragraph - Utility: 

As the Applicants have responded to the utility rejection under 35 
U.S.C. §101, the concomitant rejection of claims 1-8 under 35 U.S.C. §112, first 
paragraph based on a lack of utility should be withdrawn and not applied to pending 
claims 2-8, and 12-15. 

Rejections under 35 U.S,C. 5112, first paragraph - Written Description: 

Claims 1-8 are rejected under 35 U.S.C. §112, first paragraph as containing 
subject matter which was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the inventors, at the time the 
application was filed, had possession of the claimed invention. This rejection will be 
discussed as it pertains to original claims 2-8, and new claims 12-15. 

The Examiner states: "Claim 1, part (c) is drawn to a polynucleotide having 
sequence amplified from a Zea mays nucleic acid library. No specific chemical or 
physical characteristics were disclosed for other polynucleotide sequences having 
sequence amplified from a Zea mays nucleic acid library. The claim encompasses 
undiscovered genes and undisclosed regions of Zea mays nucleic acid library 
outside of SEQ ID NO: 1 which applicant is not in possession of at the time of filing. M 

Claim 1 was cancelled. Original claim 1, part (c) is presented as new claim 
13. The rejection will be discussed as it may be applied to new claim 13. 

Claim 13 claims "A polynucleotide amplified from a Zea mays nucleic acid 
library using primers which selectively hybridize, under stringent hybridization 
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conditions, to loci within a polynucleotide of SEQ ID NO: 1, wherein the 
polynucleotide encodes a polypeptide with RadSO activity." 

Applicants respectfully disagree that no specific chemical and physical 
characteristics are disclosed. The chemical and physical characteristics include the 
disclosure of the full-length sequence of SEQ ID NO: 1 , and the limitations that the 
polynucleotide be amplified from a Zea mays nucleic acid library, the primers used 
must selectively hybridize under stringent conditions, the primers must hybridize to 
loci within SEQ ID NO: 1. Claim 13 also states the amplified polynucleotide must 
encode a polypeptide with RadSO activity. 

Applicants clearly define amplified on page 4, lines 10-12; selectively 
hybridizes on page 13, lines 3-9; and stringent hybridization conditions on page 13, 
line 30 - page 15, line 16. Applicants provide guidance regarding amplification of 
polynucleotides on page 24, line 15 - page 26, line 10 and page 35, line 29 - page 
36, line 19; construction of nucleic acid libraries on page 32, line 11 - page 35, line 
9, and Example 1 on pages 59-60. Claim 13 clearly claims the amplification primers 
used must selectively hybridize under stringent conditions to loci within SEQ ID NO: 
1. 

Given the disclosure of a full-length maize Rad50 polynucleotide in SEQ ID 
NO: 1 , guidance on amplification and nucleic acid library construction, and the 
clearly defined parameters of claim 13, the subject matter of claims 2-8, and 12-15 
was reasonably conveyed to one of skill in the art and indicated the Applicants had 
possession of the claimed invention at the time of filing. Therefore, it is respectfully 
requested that the rejection of claims under 35 LLS.C. §112, first paragraph be 
withdrawn. 

Rejections under 35 U.S.C. S 102: 

Claims 1-8 have been rejected under 35 U.S.C. § 102(b) as being anticipated 
by Boudet et aL (US Patent 5,451,514). 
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The Examiner asserts "The claims read on a polynucleotide with 2-bases, 
since any two bases would hybridize and would be complementary to the claimed 
polynucleotide." 

Claim 1 was cancelled and rewritten as new claims 12-15. Original claim 1, 
part (d) is now presented as claim 14. Original claim 1, part (f) is not presented as 
claim 12, part (d). The rejection will be addressed as it may apply to these new 
claims. 

The Applicants respectfully disagree that the claims encompass 2 nucleotide 
fragments. Sequences of only two nucleotides in length would not even anneal to 
the nucleic acid of the present invention under most conditions, much less 
selectively hybridize to the nucleic acid of the present invention as it is defined on 
page 13, lines 3-9 under stringent conditions as described on pages 13, line 30 - 
page 15, line 16 of the specification. Using the quick calculation for melting 
temperature (Tm) of 4° C for every G or C nucleotide, or 2° C for every A or T 
nucleotide (Wallace formula), one can quickly calculate the approximate maximum 
Tm for a two nucleotide sequence to be 8 Q C, annealing temperature is generally 
calculated as 5° C lower than the Tm, or 3° C in this case. It is apparent that 
subsequences of only 2 nucleotides in length are not capable of annealing to, much 
less selectively hybridizing with, the nucleic acid of the present invention, therefore 
the rejection of claim 1 (d) and (0 should be withdrawn and not applied to new 
claims 12 and 14. 

The Applicants respectfully traverse the rejection under 35 U.S.C. § 102(b). 
As it is stated in the MPEP 2131 page 2100-54 "To anticipate a claim, the reference 
must teach every element of the claim. 'A claim is anticipated only if each and every 
element as set forth in the claim is found, either expressly or inherently described, in 
a single prior art reference.'" 

Boudet et al do not disclose a polynucleotide which encodes a polypeptide 
with Rad50 activity, or a polynucleotide that selectively hybridizes to SEQ ID NO: 1, 
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or a polynucleotide which is fully complementary to a polynucleotide which encodes 
a polypeptide with Rad50 activity. Therefore, Boudet et al does not anticipate the 
claims and the rejection under 35 U.S.C. § 102(b) should be withdrawn. 



In light of the foregoing remarks and amendments, withdrawal of the 
outstanding rejections and allowance of all of the remaining claims is respectfully 
requested. 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

The Applicants have used underlining to denote additions to the original text 
and square brackets [ ] to denote deletions of the original text. 

In the Title : 

The title found on the cover page has been amended as follows: 
[Maize] Rad50 Orthologue and Uses Thereof 
In the Specification : 

Paragraph beginning at line 18 of page 2 has been amended as follows: 

The present invention describes the maize Rad50 protein, which clearly 
possesses features characteristic of other Rad50 proteins, and has a calculated 
molecular weight of -152.5 kDa. The maize Rad50 protein is characterized by the 
presence of an ATP binding site in the N-terminal region, a second nucleotide 
binding site in the C-terminal region, putative nuclear localization signals, and 
heptad-repeats. The presence of extensive leucine zipper structures appears to be 
another striking feature of the Rad50 proteins. These are also found in the maize 
Rad50 protein and are indicated in bold in [Figure 1] Example 4 . The present 
invention also describes a maize Rad50 polynucleotide sequence. The maize 
Rad50 orthologue of the present invention was used as a probe to map the maize 
RAD50 gene(s) to the short arm of chromosome 4. 
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Paragraph beginning at line 9 of page 17 has been amended as follows: 

Software for performing BLAST analyses is publicly available, e.g., through 
the National Center for Biotechnology Information [(http://www.ncbLnlm.nih.gov/)], 
This algorithm involves first identifying high scoring sequence pairs (HSPs) by 
identifying short words of length W in the query sequence, which either match or 
satisfy some positive-valued threshold score T when aligned with a word of the 
same length in a database sequence. T is referred to as the neighborhood word 
score threshold. These initial neighborhood word hits act as seeds for initiating 
searches to find longer HSPs containing them. The word hits are then extended in 
both directions along each sequence for as far as the cumulative alignment score 
can be increased. Cumulative scores are calculated using, for nucleotide 
sequences, the parameters M (reward score for a pair of matching residues; always 
> 0) and N (penalty score for mismatching residues; always < 0). For amino acid 
sequences, a scoring matrix is used to calculate the cumulative score. Extension of 
the word hits in each direction are halted when: the cumulative alignment score falls 
off by the quantity X from its maximum achieved value; the cumulative score goes to 
zero or below, due to the accumulation of one or more negative-scoring residue 
alignments; or the end of either sequence is reached. The BLAST algorithm 
parameters W, T, and X determine the sensitivity and speed of the alignment. The 
BLASTN program (for nucleotide sequences) uses as defaults a wordlength (W) of 
11, an expectation (E) of 10, a cutoff of 100, M=5, N--4, and a comparison of both 
strands. For amino acid sequences, the BLASTP program uses as defaults a 
wordlength (W) of 3, an expectation (E) of 10, and the BLOSUM62 scoring matrix 
(see Henikoff & Henikoff (1989) Proc. Natl. Acad. Sci. USA 89:10915). 
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Paragraph beginning at line 8 of page 62 has been amended as follows: 

Gene identities were determined by conducting BLAST (Basic Local 
Alignment Search Tool; Altschul, S. F., et al., (1990) J. Mol. Biol. 215:403-41 0[; see 
also www.ncbi.nlm.nih.gov/BLAST/]) searches under default parameters for 
similarity to sequences contained in the BLAST "nr" database (comprising all non- 
redundant GenBank CDS translations, sequences derived from the 3-dimensional 
structure Brookhaven Protein Data Bank, the last major release of the SWISS-PROT 
protein sequence database, EMBL, and DDBJ databases). The cDNA sequences 
were analyzed for similarity to all publicly available DNA sequences contained in the 
"nr" database using the BLASTN algorithm. The DNA sequences were translated in 
all reading frames and compared for similarity to all publicly available protein 
sequences contained in the "nr database using the BLASTX algorithm (Gish, W. 
and States, D. J. Nature Genetics 3:266-272 (1993)) provided by the NCBI. In some 
cases, the sequencing data from two or more clones containing overlapping 
segments of DNA were used to construct contiguous DNA sequences. 

The Abstract beginning at line 1 of page 67 has been amended as follows: 

ABSTRACT OF THE DISCLOSURE 
The invention provides isolated [maize] Rad50 nucleic acids and their encoded 
proteins. The present invention provides methods and compositions relating to 
altering Rad50 levels in plants. The invention further provides recombinant 
expression cassettes, host cells, transgenic plants, and antibody compositions. 

In the Claims : 

Claims 1 and 9-1 1 have been cancelled without prejudice. 
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Claims 2, 3 and 4 have been amended as follows: 

2. (Amended) A recombinant expression cassette, comprising a member of 
claim [1] 12 operably linked[, in sense or anti-sense orientation,] to a 
promoter. 

3. (Amended) A host cell comprising a polynucleotide of claim [2] VI. 

4. (Amended) A transgenic plant comprising a recombinant expression cassette 
[of claim 2] comprising a polynucleotide of claim 12 T 

New claims 12-15 have been added as follows: 

12. An isolated polynucleotide encoding a polypeptide with RadSO activity 
comprising a polynucleotide selected from the group consisting of: 

(a) a polynucleotide having at least 80% sequence identity over the entire 
length of the reference sequence, as determined by the GAP program 
under default parameters, to a polynucleotide of SEQ ID NO: 1 ; 

(b) a polynucleotide encoding a polypeptide of SEQ ID NO: 2; 

(c) a polynucleotide of SEQ ID NO: 1 ; 

(d) a polynucleotide which is fully complementary to a polynucleotide of 
(a),(b),or(c). 

13. A polynucleotide amplified from a Zea mays nucleic acid library using primers 
which selectively hybridize, under stringent hybridization conditions, to loci 
within a polynucleotide of SEQ ID NO: 1 , wherein the polynucleotide encodes 
a polypeptide with Rad50 activity. 
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14. A polynucleotide which selectively hybridizes, under stringent hybridization 
conditions and a wash in 0.1X SSC at 60°C, to a polynucleotide of SEQ ID 
NO: 1. 

15. A polynucleotide comprising at least 30 contiguous nucleotides from a 
polynucleotide of claim 1 2. 
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Nicrman, W . C . , White, O., Eisen,J.A., Salzberg, S . L . , Eraser , C _ M . and 
Venter, J. C. 

TITLE Sequence and analysis of chromosome 2 of the plant Arabidopsifi 

t.ha ] "i ana 

JOURNAL Nature 402 (6163), 761-768 (1999) 
MEDLINE 200834 87 
PUBMED 10617197 
REFERENCE 2 {residues 1 to 1292) 
AUTHORS Lin,X. 
TITLE Direct: Submission 
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livgangagk 
kdvvcirsf q 
ilenvifvhq 
lenlqtlkda 
dqvs.i. ktaer 
vdtettissl 
tevvlnltnr 
kmqiskriee 
qheiyslehk 
alrsiereyd. 
esvtidaypk 
easf ikkqrv 
lqehteelgq 
ykldf rglgv 
ekakaanllr 
rnqeyeelae 
scearknft.la 
ggiaaveaei 
liqlkttema 
dsegagtrsy 
pttnldgpns 
cJLnri 



tt iieclkvs 
ltqkaskmey 
desnwplqdp 
ayklresiaq 
st If keqqrq 
hnaktnymle 
iksrlgelem 
keierdsf ef 
iktlnrerdv 
dlslksreae 
llesakdkrd 
kasstgehlk 
ksealddvlg 
ktmeeiqsel 
dvt kaeedle 
kkrnyqqeve 
gelnrnkdlm 
vkilrererl 
nkdldryyna 
sykvlmqtgd 
eslagallri 



ctgelppnar 
kaiegv.lqti 
stlkkkfddi 
dqertesskv 
yaalpeened 
isklqteaea 
d.i. Ldkkksne 
el st vdvkqt 
magdacdrli 
ky vnmlqrnki 
drkrcynman 
a la vessnad 
isaqi kadkd 
sslqss kdkl 
rlaeeksqld 
allkasykin 
rnqdql real 
lselnrcrqt 
Idkalmrf ht 
telemrqres 
medrkgqcnf 
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Books 



Details 



r 1: AF1 68748. Arabidopsis thali...[gi:71 101.47] 



Related Sequences, Protein, PubMed, Taxonomy, LinkOut 



LOCUS 

DEFINITION 

ACCESSION 
VERSION 
KEYWORDS 
SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
MEDLINE 
PUBMED 

REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

FEATURES 

source 




AF16874 8 4305 bp mRNA linear l?LN 04-MAY-2001 

Arabidopsis thaliana DNA repair-recombination protein (RAD50) mRNA, 
completes cds. 
Af 168748 

AF1 68748 - 1 GI : 7] 10147 

thale cress . 

A r b 1 d op s x s t. h a 1 .1 a na 

Eukaryota; Viridiplantae; Streptophyta ; Embryophyta; Tracheophyta; 
Sp^rmatophyta; Magnoliophyta; eudicotyledons ; core eudicots; 
Kosidae; eurosids II; Brassicales; Brassicaceae; Arabidopsis. 

1 (bases 1 to 4305) 

Gal lego,M-F- , Jearmeau,M. , Granier, F- , Boucher./ 0. , Bechtold, N. and 
white, C. I . 

Disruption of the Arabidopsis RAD50 gene leads to plant: sterility 

and MMS sensitivity 

Plant J. Zb (1), 31-41 (2001) 

210 97002 

111.69180 

2 (bases 1 to 4305) 

Gal logo, M.E., Nagpal,P., Quatrono, R* and. White , C - 1 - 

The RAD 50 homo log of Arabidopsis 

Unpublished 

3 ' {bases 1 to 4 305) 

Galleqo, M.E. , Nagpai,P. r Quatrano,R. and White, C.I. 
Direct Submission 

Submitted (13-JUL-1999) UMR 6547 - CNRS , Universite Blaise Pascal, 
2 4 , Ave. des Landais, Aubiere 63170, France 

Location/Qualifiers 

1. .4305 

/organism- "Arabidopsis thaliana" 
/cult ivar="Coluinbia" 
/db_xre£ -"taxon : 3702 " 
/ chromosome 5 *"!! " 
/map-"near TEn5" 

/note5="r.lonfid from cell suspension culture" 

1. .4305 

/gene^"RAD!50" 

146. .4096 

/gene "RAD50" 

/notG="similar to yeast RAD50" 
/ codon_s t a r t 1 

/product="DNA repair-recombination protein" 
/proLein id="AAF3 6810. 1" 
/db_xref~>GI : 711014 8" ' 

/transiation-"MSTVDKMLIKGIRSFDPENKNVVTFFRPLTLIVGANGAGKTTII 
F.CLK VS C T G EL P PN A R S G H. $ F I H. D PK V AGF.T F T KAQ T KT.. R F KT A AG KO VV C I R S FQ LT 
QK A S KMR YKA T F- S VLQT T N P RT GF.KVCLS YRC A DM D R F. I P A LMG V S K A I L EN V I FV HQ 
OF, SNW P LQDP S T LKKKFDD I FS AT RYT KALEV I KKLH KOQAQ E I KT FKLKLENLQTL K 
DAAYKLRESIAQDQERTESSKVOMLELETSVQKVDAEVHNKEMMLKDLRKLQDQVSIK 
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TAERSTj^fcQQRQYAALPEENEDTIF.ET.KFWKGKFEER ..GTKIRKMEREMVDTE 
TTISSLHNAKTNYMLEISKLQTEAEMiMLLKNERDSTIQNIFFHYNLGNVPSTPFSTE 
VVLNLTNRIKSRLGEI.EMDLLDKKKSNETALSTAWDCYMOANDRWKSIEAQKRAKE)EI 
KMGISKRIEEKEIERDSH'EEEl'STVDVKQTDBREiKQVQVELERKTKONSERGFESKIE 
Q KQHE I Y S LE RKI KTLNRERDVMAGD AEDR VKJ..S LKFCT F.Q ENLKKKH KK 1 1 DEC KDRI 
RGVLKGRLPPEKDMKREIVQALRSIEREYDDLSLKSREAEKEVNMLQMKIQEVNNSLF 
KHNKDTESRKRYIESKLQALKQESVTIDAYPKLLESAKDKRDDRKREYNMANGMRQMF 
EPFEKRARQEIISCPCCERSFTADEEASFIKKQRVKASSTGEIILKALAVESSNADSVFQ 
Q L DKL RAV FEEYSKLTTEII PLAE KT LQE H T E ELGQ K S E A 1, 0 0 VLG I S AQ I KA DK D S I 
EAT..VQPLENADRIFQEIVSYQKQIEDLEYKLDFRGLGVKTMEEIQSELS5LQSSKDKL 
HGELfiKLRDDQIYMERDISCLQARWHAVRF.F.KAKAANT.LRDVTKAEEDLeRLAEEKSQ 
LDLDVKYLTEALGPLSKEKEQLLSDYNDMKIRRNQEYEELAEKKRNYQQEVEALLECAS 
YKINEYHOLKKGERT.DDIQEKQRLSDSQLQSCEARKNELAGELNRNKDI,MRNQDQLRR 
NIEDNLNYRTTKAKVEELTREIESLEEQILNIGGIAAVEAEIVKILRERERLLSELNR 
CRGTVSVYESSISKNRVELKQAQYKDIDKRHFDQLIQLKTTEMANKDLDRYYNALDKA 
LMRFHTMKMEEINKIIRELWQQTYRGQDMDYIRIHS DSEGAGTRSYSYKVLMQTGDTE 
LEMRGRCSAGQKVLASLIIRLALAETFCLNCGILALDEPTTNLDGPNSESI.AGALLRI 
MEDRKGQENFQLIVITHDERFAQMIGQRQHAEKYYRVAKDDMQHSIIEAQEIFD" 



BASE GOUNT 
ORIGIN 

1 
61 
121 
181 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961 
1021. 
1081 
1141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1861 
1921 
1 981 
2041 
21 01 
2161 
2221 
22S1 
2341 
2401 
2461 
2521 



1I>4 4 a 

qttccttctt 
gggtttaacc. 
tatcliqtaat 
aagaagcttc 
cgtcggcgct 
cggagagttg 
Lggagaaacg 
tqtqgtaLgl 
tattgagagt 
cagaigcgcl 
agaaaacgtc: 
t I: tgaaaaag 
tattaagaaa 
aaatc tgcag 
agaaaggaca 
tgatgctgaa 
agtatcaata 
agcnttacct 
tgaagaaaga 
cacagaaact 

CctcigCt^Cri^ 

ccagaacal t 
ggtagttttg 
get c gat aag 
tqetaaLgae 
gggcatatca 
ttccactg tg 
gagaaaqaca 
tgannta tar. 
tgq t qat.qct 
gaagaancac 
qaqaL La oca 
aagggaatat 
gt:aya l.y any 
aagaaagaga 
t.gcttat.oec 
taaca tgyea. 
gcattcttgt 
gaagcaaagg 
t tccaa tget 
ctcgaaacta 
agaqctgggt 
agctgacaaa 



733 c 

cttccattgt 
ttcctgtgtc 
cgctgaagg t 
gacccagaaa 
aacggagccg 
ccaccgaacg 
gagacaaaag 
a taagg ccau 
gtgcttcaaa 
gacatggata 
atatttgtgc 
aagtttgatg 
cttcacaagg 
accLLgaaag 
gaatcttcaa 
gt Lcataata 
aaaactgegg 
gaggaaaatg 
Cl L go Let t t 
acaatttctt 
acagaagctg 
LLtttccatt 
aatctcacaa 
nagaaatcaa 
eg L Lggaaaa 
aaaegcatag 
gatgttaaac 
aaacagaatt 
agcttggagc 
qagga Lagag 
aaaaagataa 
cccgagaagg 
gatgacctca 

ri V.riClririQAeiQl 

tacattgagt 
aaattgttgg 
aa Lgg La Lgc 
ccttgctqcq 
gtaaaggctt 
gactctgtat 
actactgaaa 
caqaaqt ctq 



999 g 1029 t 



cgagtttLca 
accaaaattt 
aaaagatgag 
ataagaacgt 
gaaaaactac 
eqaqg tetqg 



cgatf ttccc 
tctccgtaac 
tacggtcgat 
tgttactttc 
gattatagag 
tcatagct Le 



racaaat.aaa gc:tgagattc 
ttcagttgac gcaaaagget 



ccattaatcc 
gggagata.ee 
atcaggatga 
atattttctc 
atcaagctca 
aegcagctta 
aagttcagat 
aggaaatgat 
aaaggagcac 
aagatactat 
tggggaccaa 
cgcttcacaa 
aagctcatat 
acaatttagg 
atcgaataaa 
atgaaactgc 
gcatcgaagc 
aagagaaaga 
aaactgatga 
cLyaaaggyg 
ataaaatcaa 
tgaaattgtc 



tcacactgga 
agctttgatg 
gtctaactgg 
agecaeeaga 
ggagataaaa 
taagcttcgt 
gttggaactq 
gttaaaagot 
cttqLLtaag 
tgaagaattq 
aattcgaaaa 
tgcaaaaact 
getgetgaag 
aaatgttcct 
atcaagactg 
tctaagtacg 
tcagaaacga 
aattgagcgt 
aagagagaaa 
aLLLgaatee 
gacactgaat 
tttaaagaag 



tagatgagtg caagqatcqa 
atatgaagag ggaaatagtt 



gtttgaaatc ccgagaaqca. 
v.aaacaatag cctattcaag 
ccaagcttca g g e c L L a a a a 
agtcggctaa ggacaaaaga 
g t c a g a t g 1 1 tgaacctttt 
agegctcttt t a c a g c L g a L 
caagcacagg ggagcat ctt 
ttoaacagct agacaaacta 
1 1 a 1 1 e c t c l c g o t g a g a a a 
a a g c L e 1 1 g a tga tgta 1 1 a 
gactcgattg aagcactggt gcagcccctc 



gcaaaaccct 
ttatcacctc 
aaaatgttga 
ttcagacctt 
tgtttaaagg 
a L tea tgacc 
aagacagctg 
tcaaagatgg 
gagaaagtat 
ggtgtgteaa 
ccactgcaag 
tatacaaagg 
actttcaagt 
gagagcattg 
gaaaccaqtg 
ctgogaoagc 
qaqeaqcaqa 
aaagaatqqa 
atggagagag 
aac tatatgc 
aatgaaagag 
agt a cc.c.c.ct 
ggtgaacttg 
gcttgggatt 
gctaaagatg 
gattcatttg 
caagtgcaag 

cgagaaagag 
aeggaacagg 
attaqaqgaq 
caagr.tttga 
yaaaaggaqq 
cataacaagg 
caggaa L cag 
gatgaccqta 
gagaaacgag 
g a a g a g g c L a 
aaagca t Laq 
cgggcagttt 
ricttttgeaag 
ggaar.r.r.ctg 
qaaaatqctq 



tetegt Ltat 

cactttttca 

tcaagggtat 

taaccctaat 

tgtcttgtac 

etaaqqttgc 

eagggaagga 

agtacaaggc 

gtctcagcta 

aagctatttt 

at ccttctac 

ctctggaagt 

taaaattgga 

ctcoagatca 

ttcagaaagt 

tccaggacca 

qacaq fcatqc 

aaagcaagtt 

agatggttga 

tggagatcag 

attct accat 

tcagtactga 

agatggattt 

gctatatgga 

aaatcaagat 

aattcgaaat 

ttgagcttga 

ayaaa eagca 

aegtt atggc 

agaatcttaa 

tqctgaaqqq 

ggtr.aattga 

tcaacatqtt 

atacagaatc 

L Laceal Lga 

aacgegaata 

cncgtr.aaga 

g e I L L a 1 1 a a 

caqtqqagtc 

ttgaagaata 

a g c a t a c a g a 

cacraga taaa 

acaggatctt 
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2581 
26*1 
2701 
2761 
2821 
2381 
2941 
3001 
3061 
3121 
3181 
3241 
3301 
3361 
3421 
3481 
3541 
3601 
3661 
3721 
3781 
3841 
390.1 
3961 
4 021 
4081 
4141 
4201 
4261 



// 



tcaggaaatc 
ggqtcttqgg 
caaggataaa 
tgatalalca 
caatttgtta 
aagtcaactt 
aaaagagoaa 
agaactggct 
ttataaaata 
aaagcagcgg 
aggtgaactg 
agaggataac 
tgaatcattg 
tgtaaagata 
agtgtctgtt 
caaggaca ta 
aaataaagac 
aatgaaaa tg 
tcaagatatg 
cagctacaag 
tgcaggt caa 
cttaaactgt 
agaatctctt 
ccaactcata 
tgctgaaaaa 
agagatcttt 
atgtttaacg 
atacagcbct 
cagtatgtag 



gtatcci 
gttaaaacta 
ttgeacggtg 
tgcctccagg 
cgggacg L La 
gacctcgatg 
i; l a o L g a g t g 
gagaaaaaga 
aa Lgagtatc 
ttatctgatt 
aacagaaat a 
ttgaactacc 
gaagagcaaa 
ttgcgggaaa 
tacgagagca 
gataagcggc 
ttggatagat 
qaggaaataa 
gattacatac 
gttct taLgc 
aaggtt cttg 
ggaatattag 
gcaggagctc 
gtcattaccc 
tat taccqgg 
gattgataaa 
g laagc beat 
acacattgtt 
aggagacaaa 



aaaagcaaat 
tggaagaaat 
age tggaqaa 
ccagatggca 
caaaggcaga 
tgn.igt.ottt 
actacaatga 
gaaactacca 
atgatctgaa 
o t cage t tea 
aagacttgat 
ggaeaacaaa 
Lat tgaatat 
gggaaagacl 
gtat ttcaaa 
actttgatca 
aetacaatgc 
ataagattat 
gaa Lacactc 
agaetggtga 
cttcattg.it 
ccct tgabga 
ttcttaggat 
acga tgaaeg 
tegcaaaaga 
ccagtggctt 
ctttttgaaa 
tgattagatg 
aaaaaaaaaa 



tgaagatctt 
ccaatcagaa 
aettagagat 
tgcagtaagg 
agaagacctg 
gaccgaggcc 
tatgaagatt 
acaggaagtt 
gaaaggggag 
gagctgtgaa 
gcggaatcaa 
agcaaaagt t 
tggtgggatt 
LcL t tcagag 
gaacagagtg 
actgatccag 
ccttgacaaa 
aagggaactg 
agattccgaa 
tacagaactt 
aattaggttg 
geeaactaca 
catggaagac 
et ttget caa 
tgatatgcaa 
gttctataaa 
agctacgtgt 
tgtgcaaaaa 
aaaaaaaaaa 



gaatati 
ttaagtagee 
gaccagattt 
gaggagaagg 
gagegtttag 
ctgggcccL" t: 
agaegtaate 
gaggcattac 
cgcttagatg 
gctagaaaga 
gatcaa.ct.ga 
gaggagct ta 
gccgcagttg 
clgaaccgg t 
gagctaaaac 
ctaaagacaa 
geactaatge 
tggcagcaga 
ggtgcaggca 
gaaatgagag 
getttagecg 
aacctggatg 
agaaagggee 
atgattggcc 
cacagcataa 
ccaacataac 
agcttt cttg 
tttctgttgo 
aaaaa 



ttgattttag 
tccaa&qcag 
acatggaacg 
eeaaggcage 
ccgaggagaa 
tateeaagga 
aagagtatga 
teaaggecag 
atattcaaqa 
atgaacttgc 
gaagaaatat 
caegtgagat 
aagctgaaat 
gteqtggaac 
aggcacaata 
ctgaaaiggc 
gcttccacac 
cat.acagagg 
cccgc tct ta 
gaagar.gcag 
agaea 1 1 1 tg 
ggcccaattc 
aagagaa t;. tt 
aaaggcaaca 
tcgaggccca 
age t cage t a 
gctctgttat 
at tgaaaaal 
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r 1: X14814. Yeast RAD50 gene ...[gi:4272J 



LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

REFERENCE 
AUTHORS 
TITLE 



JOURNAL 
REFERENCE 
AUTHORS 
TITLE 



JOURNAL 
MEDLINE 
PU8MED 
COMMENT 
FEATURES 

sourc 



Related Sequences, Protein, PubMed. Taxonomy 



PLN 12-SEP-1993 



mi so f! entire* ft 



CDS 



SCRAD50 4 775 bp DNA linear 

Yeast RAD50 gene for lft3 kD protein. 
X14814 

X14B14 .1 GI:4272 

DNA repair; DNA-binding protein; nieiot icrecombination; RAD50 gene. 

baker 1 s yeast . 

Saccha r omy ce s ce r e v j. s ia e 

Eukaryota; Fungi; Ascomycota; Sacchtf romyoot in a ; Saccharomycetes ; 
Saccbaromyce tales ; Saccharomycetaceae; Saccharomyces - 

1 (bases 1 to 4775) 
Alani, E . 

Direct Submission 

Submitted (21-MAR-198 9) Alani E, y Harvard University, 7 Divinity 
Avenue, Cambridge MA 02138, u s A 

2 (bases 1 to 4775) 

Alani, E-, Subbiah r S. and Kleckner,N. 

The yeast RAD50 gene encodes a predicted l.S3Kd protein containing a 
purine nucleotide binding domain and two large hep tad repeat 
regions 

G ene tiC3 1.12, 47-57 (1989) 

3 (bases 1 to 4775) 
Raymond, W.E* and. K.leckncr, N. 

Expression of the Saccharomyces cerevisiae RAD50 gene during 

meiosis: steady-state transcript levels rise: and fall while 

steady-state protein levels remain constant 

Molecular & general genetics : MCC. 238 (3), 390-400 (1993) 

93 261422 

8 4 92 807 

Data kindly reviewed (25-SEP-1989) by Alani E . 
Location/Qualifiers 
1-.4775 

/organism- "Saccharomyces cerevisiae" 
/strain="RE821" 
/db_xref-"taxon: 4 932" 
/chromo5omc="chromo5ome 14" 
/clone="pSG205" 
/clone_Iib--."AR5CEN " 
532. . 541 

/note™ "region of transcription start" 
558. .4496" 

/note="153 kD protein (AA 1 - 3312)" 
/codon_5?tart=l 
/protelnj d="CAA32 91 9.1" 
/db_xre£~"GI:4273" ' ' 
/db_xr e f SWISS- PROT : P 1 2 7 5 3 " 

/t ranslat ion="MSAIYKLSIQGIRSFDSNDRETIEE'GKPLTLTVGMNGSGKTTI I 
ECLKYATTGDL P PN3 KGGVFI HDPKTTGEKDI RAOVF^LAFT 3ANGLNMI VTRNI QLLM 
KKT TTTFKTLE GQL VAI NN S G DF S T L 5 T F3 L E L DAO VFL Y LG V PKAI L E Y V I FCI I QE D 
SLWPLSEPSNLKKKFDEIFQAMKFTKALDNT.KSTKKDMSVDIKLLKQSVEHLKLDKUK 
SKAMKLNIIIQLQTKIDQYNEEVSEIESQLNEITWKSUKLFKSNQnFQKILSKVENLKN 
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mi so feature 



misc feature 



iuisc feat ure 



RLSNSIDILDLSKPDLONLLANFSKVLMDT^IIfQLRDLETDISSLKDRO 

LKEAFQHKFQGLSNIENSDMAQVNH 
EMSQfKAFTSQDLTDTIDQFAKDIQLKETNLSDLTKSITVDSQNLEYNKKDRSKlilHD 
SEELAEKLKSt'KtJLSTQDSLNHELENLKTYKEKLQSWESENI I PKLNQKIEF.KNNEMI 
ILfiNOIEKFQDRIMKTNQQAOLYAKLGLIKKSINTKLDELQKITKKLQNDSRIRQVFF 
L T Q E FQRAD L E M D FQKL F I N MQ KN I A I NNKKM M E L DRR Y T N AL Y N L N T 1 E K D LQ D N Q K 
SKEKVIQLLSENLPEDCTTDEYNDVLEETELSYKTALENLKMHQTTLF.FNRKALEIAE 
RDSCCYLCSRKFENESFKSKLLQELKTKTDANFF.KTLKDTVQNEKEYLHSLRLLEKHI 
ITLNSINEKIDNSQKCLEKAKEETKTSKSKLDELEVDSTKLKDEKELAESEIRPLIEK 
FTYLEKELKDLENSSKTISEELSIYNTSEDGIQTVDELRDQQRra^NDSLRELRKTISD 
LQMEKDEKVRENSRMINLTKEKELTVSEIESSLTQKQNIDDSIRSKRENTNDIDSRVK 
ELEARIISLECNKKDEAQSVLDKVKNERDTQVRNKQKTVADINRLIDRFQTIYNEVVDP 
EAKGFDELQTTIKELF-T-NKAQMLELKEQLDLKSNEVNEEKRKLADSNNEEKNLKQNLE 
LIELKSQLQHIESEISRLDVQNAEAERDKYQEESLRLRTRFEKLSSENAGKLGEMKQI. 
QNQIDST.,THQI.RTDYKDIEKNYHKEWVELQTRSFVTr)DIDVYSKALDSAIMKYMGLKM 
QDINRI IDELWKRTYSGTDT DTI KIRS DEVSSTVKGKSYISIYRVVMYKQDVELDMRGRC 
SAGQKVLASTIIRLALSETFGANCGVIALDEPTTNLDF.ENIESLAKSLHNIINMRRHQ 
KNFQLIVITHDEKfc'LGHMNAAAFTDHFFKVKRDDRQKSQIEWVDINRVTY " 
64 2. .707 

/ n o t e = " nu c 1 e> o t i d © - b i ncl i n g d oma i n " 
1089. , 1820 

/note— "hcptad repeat" 
21Q4 . . 3S4 2 

/note-- "heptad repeat" 



BASE COUNT 
ORIGIN 

1 
61 
121 
181 
741 
301 
361 
421 
491 
541 
601 
661 
721 
781 
B41 
901 
961 
1021 
1081 
1 141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1B61 
1921 
1981 
2041 
2101 
2161 



1827 a 

ggatatctaa 
gcggactt t a 
tflaactaatt 
tact tccact 
ggagaataat 
taact gcagt 
aaaaaatgcc 
cctgLttgtt 
ttaaatggaa 
aacgacggaa 
ttgactccaa 
tgaatggttc 
taccgcccaa 
acattagage 
ccagaaatat 
agt Lggtcgc 
tagacgcaca 
tctgtcaeea 
ttgatgaaa t 
agaaagacat 
ataaagacag 
agtataatga 

9 taaactgtt 

aaaatacaaa 
tcgatttatc 
ataagaataa 
catccttgca 
aggagaeata 
agttccaayg 
caeagttcaa 
at a L tcaact 
agaatttgga 
ctgagaaatt 
aaaacttpan 
aattgaacca 
aqaaatttca 
gactaataaa 



768 c 

caagccatca 
gtagaatagg 
gtagattttt 
tacaatacta 
aaccatqcat 
agaaocoacc 
ttcacctcgt 
gcctttgttc 
atctttaatt 
agcaggcatg 
tgatagggaa 
aggtaaaacq 
cagcaaggga 
tcaggtcaaa 
tcagttgcta 
tataaataat 
agtacccctg 
agaagacagc 
L LL oca agog 
gtccgtggat 
atcgaaagca 
agaagtgtct 
taaatctaat 
actctcaatt 
gaagccagat 
tcagttgoga 
gagcctt tct 
cgaaaagaac 
eciLtcaaat 
ggctttcatc 
aaaggaaaca 
atataataaa 
qaaatcat tt 
aacatacaaa 
gaaaa tagaa 
agatcgcata 
gaagtccat t 



895 g 1285 t 



aaagcataa t 

aaacaatgcg 

tqcqtttctg 

atacttgcgg 

cttgcaatac 

catatgacaa 

ttgtct Lcat 

ttgcctcatc 

ctaagaag ty 

agcgctatct 

a c t a 1 t g a a t 

acta tea teg 

ggagtattca 

ctggcgtr.r.a 

atgaaaaaga 

agtggtgacc 

tat ctgggag 

ctgtggccae 

atgaaattta 

atcaag t ta t 

atgaagctca 

gaaattgaat 

caagatttcc 

agtgatcaag 

t tqcaaaact 

gatttggaaa 

aattccctca 

agaaat cacc 

attgaaaaea 

tctcaqqat t 

aatttatccg 

aaggacagat. 

aaa ay t 1 Lgt 

gaaaagctgc 

gagaaaaata 

a tgaaaaega 

aatact aaa t 



qi: ttttgagt 

ctatacytyc 

gt get at tea 

taatg L Laca 

ttteaeggct 

tgcaaatat L 

ctgagataag 

get tct aaa g 

gtagcaacca 

ataaattatc 

ttggcaagcc 

aatgtttaaa 

ttcatgaccc 

cgagtgccaa 

ctactaetae 

gcagtact t L 

t.tccaaaagc 

tgagtgaacc 

caaaggctct 

taaageaatc 

atatccacca 

ctcaattgaa 

aaa aaa tact 

tgaaaagatt 

tattggcaaa 

ccga tat t tc 

teaggeggea 

Li tearcget 

gtgatatgqc 

laactgacac 

act t gat aaa 

etaaattaat 

etaetcaaga 

aatet tggga 

atgaqatgat 

otcaacaagc 

tagaogagtt 



actcgataga 
gcagtagetc 
ttgaaacaay 
atcctteact 
ttgcttgtct 
aatctaoctt 
gtteeqqttt 
cggfit.ttcaa 
ttqagaggca 
tattcagggc 
tctgacttta 
gtaegctace 
gaagataact 
tyyaetcaat 
atttaagact 



attatqtatt 
atttcgacca 
aaaccga tag 
tattattttc 
cgtgcgctag 
agtcaaaaaa 
ccatcttgtc 
gctttgatct 
aaaacaaggg 
ataeggtett 
atagteggca 
acagg tga t:c 
ggtgaaaagq 
atgattgtca 
t t agaaggee 



g I; c c a c c c gg t ct c t gga a t 
qatct tggaa tacgtgatat 



atccaatctt 
agacaattta 
agtaqaacae 
attgeaaact 
tgaaatcact 
atceaaagta 
gtcaaactca 
cttctctaaa 
aagtttgaaa 
gggtgag t ta 
aaaagaagee 
tcaagtaaat 
tatagat caa 
atcaataacc 
coatgaetet 
tagecteaa t 
aagtgagaat 
ta tcttagag 
ggactta tac 
acaaaagatt 



aaaaaqaag L 
aaatccataa 
ttaaagttgg 
aagatagatc 
gagaaatccg 
gagaacttga 
attgatattc 
gtcttgatgg 
gaeegteaqt 
gaagctggta 
L tccaacat.a 
cacgaaatgt 
L Ltgcaaagg 
gtcgattcac 
gaagagcttg 
catgaaotgg 
at Lataccaa 
aatcaaattg 
gecaaactag 
acyyaaaaa I:. 
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2221 
22S1 
2341 
2401 
2461 
2 521 
2581 
2641 
2701 
2763. 
2321 
2801. 
2941 
3001 
•3061 
3121 
3191 
3241 
3301 
3361 
3421 

34 01 

35 41 
3601 
3661 
3721 
3781 
3841 
3901 
3961 
4 021 
4031 
4 141 
4201 
4 2 61 
4321 
4381 
44 4], 
4501 
4^61 
4621 
4681 
4 7 4 1 



tacagaatga 
atttagaaat 
acaaaaagat 
ttgaaaagga 
aaaacttacc 
tctcctataa 
gaaaagcatt 
aaaatgaatc 
ttgaaaaaac 
tactggagaa 
agtgccttga 
aagtagattc 
tgat tgagaa 
cgatatctga 
aat taaggga 
cagatttgca 



Tad^ 



ttctage 
ggattttcag 
geacgaattg 
tttacaggat 
agaggattgt 
gactgcgctg 
agagatcgct 
gtttaaaagt 
tttgaaagac 
acatattatt 
aaaagctaag 
cacaaaattg 
gtttacttac 
ggagctatcg 
ceaacaaagg 
aatggaaaaa 



ttaaagaaaa ggaattaaca 
ttgatgattc tataaggtca 
agttagaagc acgtattatc 



acaaagtaaa 
ttaatcggtt 
a gggcl" t eg a 
tggaactaaa 
ttgetgaetc 
aatcacaact 
ctgaaaggga 
go tcLgaaaa 
tgactcatca 
ttgaattaca 
atagtgetat 
aattatggaa 
aagttagtag 
atgttgaatt 
ttatcaggct 
a a cctaccac 
taattaatat 
aatttttggg 
atgetaggca 
a'ccccataat 
tcgt.cgacga 
l taacgcaaa 
gattcgaatt 
ttcttttcct 



aaatgaacgt 
aatagataga 
tgaat Lgcaa 
ggagcagctt 
aaataatgag 
tcagcacatt 
caaatatcaa 
cgcagg taaa 
actgeggact 
gacaagatcc 
tatgaaatat 
gegtaegtat 
tacagttaag 
ggatatgaga 
agctctatct 
caatttagat 
gagaagacat 
tcatatigaat 
aaaatcacaa 
atctacgaag 
gtttgtgata 
cgaattttct 
tttegctate 
ttgeagaett 



aggcaagtat 
aaa t tat tea 
gatagaagat 
aatcagaagt 
actattgatg 
gaaaacttga 
gaacgtgaca 
aayttgt tae 
actgtccaaa 
acactaaat L 
gaggaaacaa 
aaagatgaga 
ttagaaaagg 
at ft a L aat a 
aagatgaatg 
gatgaaaagg 
gtttctgaaa 
aaaagggaaa 
tea L taaaaa 
gatattcaag 
tttcagacca 
acaacaa taa 
gatctcaagt 
gagaaaaact 
gaatctgaga 
gaggaatcac 
ttaggtgaaa 
gattacaaag 
Lttgttaetg 
catggattga 
ag tggtactg 
ggaaaatcat 
ggaega Ly 1 i. 
gaaacatttg 
gaagaaaaea 
caaaagaatt 
geageggcat 
attgagtygy 
ggatagactt 
aegcttctgt 
t agtaatatg 
attactaata 
agcaagcacg 



ttcccctcac 
teaatatgea 
atacaaaege 
cgaaagaaaa 
aatataatga 
aaa tgeatea 
gctgctgtta 
aaqaactaaa 
acgaaaagga 
ctataaacga 
aaacttccaa 
aagagt tagc 
aacttaagga 
ccag Lgaaga 
a t tctttacg 
tgagagaaaa 
ttgaatcatc 
acatcaacga 
acaaaaagga 
tacgeaacaa 
rttataacga 
aaqaaetaya 
caaatgaagt 
tgaagcagaa 
taagtagatt 
taagactaag 
tqaaacaa tt 
atat cgagaa 
aeyacataga 
aaatgeaaga 
ata tagacac 
acaactatcg 
eegeggg tea 
gcgcaaattg 
teqaaagttt 
tccagctaat 
ttactgatca 
tcgata t baa 
tgattgatta 
tgcttagcea 
ctatcqtttc 
tctctctctg 
taagc 
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ccagga 

tttgtacaat 
agtgatacaa 
tgtcctggaa 
aactacttta 
tttgtgttct 
aaeaaaaaea 
atatcttcat 
aaagattgat 
atcaaaacta 
tgagtctgaa 
tcttgaaaac 
tggtattcaa 
tgaactgagg 
ttcaagaatg 
tttaacacag 
tatcgattct 
tgaagcgcaa 
acaaaaaacc 
agtggttgat 
a ttgaaeaaa 
taacgaagaa 
cttagaacta 
agacgttcaa 
aacaagattt 
aeayaa tcaa 
aaattaccat 
Lgteta t Lea 
tataaacagg 
cat caaaatt 
tgttgtaatg 
aaaagtbebt 
tggegtaatt 
agcaaaatct 
cgtgatcact 
ctt cttcaaa 
cagagtcact 
attagaggtg 
tatetaagtg 
caagteggta 
ttataacgt c 



caaagagctg 
gcgatcaaca 
ttgaacacca 
etactaageg 
gaaaeggage 
gaatt taata 
agaaagtttg 
gaegcaaatt 
agtttaaggc 
aattcacaga 
gatgaatitgg 
attegtcett 
agttctaaaa 
actgLtgatg 
aaaaccattt 
attaacttga 
aaacaaaata 
agagtaaagg 
agtgttctag 
gttgeagata 
tttgaagota 
get caaatqc 
aagagaaaac 
attgaattga 
aatgcagaag 
gaaaagctga 
atayaf teat 
aaagaatggg 
aaagea L tag 
ataattgatg 
agatcagatg 
tacaagcagg 
g cab eg a tta 
gcactagacg 
f tacacaata 
catgatgaga 
gtcaagagag 
tat bgaaaag 
ctgaaatact 
tatatgatat 
ttcagcaaga 
agctagttgt 
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LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
JOURNAL 

REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

FEATURES 

source 



(Jen e 
CDS 



4121 bp 



mRNA 



linear 



INV ll-DEC-1997 



,H,, Agricultural University, 
6703 HA The Netherlands 



CERAD50 

c.elegans mRNA for RAD50. 

7.75312 

Z75312.1 GI:2687854 
RADHO. 

C&enorhabditis olegans. 
C a e n o r h a b d .i . t 'i s £ l oqans 

Eukaryota; Metazoa ; Nematoda; Chromadorea ; Rhabdit ida ; 
Rhnhrii r.nicJc:o; Rhabditidds; Pelocierinae ; Caenorhabditis 

1 (bases 1 to 4121) 
Of fenberg, H.H. and Heyting,C. 
Unpubl i shad 

2 (bases 1 to -11 21) 
Of f ember g, H.H. 
Direct Submission 

Submitted (10-JUL-1996) Offcnberg H. 
Gene ci. 03/ Dreyeniaan 2, Wageningen/ 
Local ion /Qua l ificrs 
1. .4121 

/organism="Caenorhabditis eleqans " 
/strain-"CHl489 him- 8 {eI489) " 
/db „xref="taxon : 6239" 
/sex--- "male/hermaphrodite" 
/tissue_type-"whole animal" 
/clone_lib="Yuji Kohara cDNA 
/dev_stage=" varied" 
31 - . 3927 " 
/gene= ,r RAD50" 
31. .3927 
/g ene =»RAD50" 

/f unction="DNA repair and rccombindation protein" 
/codon_start=l 

/produet= n RAD50 homoiogue ceRAD50" 
/protein id=* CAA997 30 . 1 " 
/db xre£="GI: 2687855" 
/ db_xr e f = " S l?T REMBL : 04 4 1 9 9 " 

/translation- " M7VK F L RL H I RG I R S VG D E D H D V H K T D FL 5 PC T L I S G P N G T GKT T 

t1ealnfvttgqmptqkkqnfihstdvarktrvdasvtlefidvkgrectavrrlvvt 
sgtkaaalaeeiltlaikypdgtvntlsskvcdfntftlit.kht.gvpravfkyvifchqed 
stwplsepkelkkrfddifqltkfveovqermkkivlde'kkemqthemskqlyethvrd 
klvarqnqeecerkiskrkeetdelkerkangqkkieemrtsihelkdtltsfkktel 
erqnlkkqlslirvf.pyfgteeelkreieefrgseghy ygeerariqkkigknnqerq 
elsqkktefenrisslkaevihcqst.kydlerlenqlrseldlehdadidieidna.it 
t.ktrcmsdkarmiakncaelqsnlrtaq 

ikqgqnatagmkdllkkeealrksladlplldenaltecklkrekylkqldilkkkca 
eaeknaekdrf.kfslkqtl5iarkkmtayqri ydnnwqg.u1gqapdfpwtpilsktfii 
klrndkkimeedlrdvqlnvqkletmqhqyrkqee53ltaqelklsenifeacsceaee 

V S E KL E N L RKRLKKARK DLA P L S AKS N L Y DS Y I E £ S K S S GC C P T jC OR D FKT KKE I N E F 
SKKliKNMTLSFPTEQEELEKLVSKLEKEEIIIVKAEGQANELQRiVKfiLKEVRRKNRK 
LST£MAEEKSNLSKNEKQT,F.TVNAKLKLAEDLQTDVGVIOQLYEOTEENEKRYEQLVS 



(unpublished) " 
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ESDSSDClRTELRKKVEDKDEEYRKIVQF.GEELQKCSEflMRCLC)SKLNELGTHRVSL 

GEAAAQAGAFAEQLETKIKEIQECTTAISQKRNEDLPDAQFKKDDLTRNVSSKF.F.F.KK 
KAEMEVQMMKKELDQKIFHRKSLf'KKVQEGCiLCERQLMDKENNIATLNASLEENQQRQ 
KRFEEDLRSFDSSHQRESIT..KDQLTRMIIENKIKELKRTLATFDGQINEDRTTKQKQA 
YNKLQNELRLIGNEEVKIYTQMQEYEKOKKIAEAKLSTKECQNAESNYRDAIIELAIT 
KESISDLTKYRNCT.nASI.TQFH55EKMGRVNGIIDDIiWRKVYNSTDITTIRIRSDATSE 
TSSKKVAYEYNVMMVHETGTEVEMRGRCSAGQKMLASLLIRIALAEVFCCSCSMIALD 
EPTTNLDESKVEGMAIVt.ADTIAERRGFDENGKLRGRDMQMVVITHDERLVNRITISC 
RPEYIYCLCKDEHCISFLSKRYPDGTVKRVNTKRRF" 



BASE COUNT 
ORIGIN 

1 
61 
121 
181 
241 
301 
361 
421 
481 
54 1. 
601 
661 
721 
781 
841 
901 
961 
1021 
1001 
1141 
1201 
1261 
1321 
1381 
14 4 1 
1501 
1561 
1621 
1681 
17 41 
1801 
1361 
1921 
1981 
2 041 
2101 
2161 
2221 
2281 
2341 
2401 
2461 
2521 
2581 
264 1 
2701 
2761 
2021 
288.1 
2941 
3001 
3061 



1573 a 

tatttgctta 
ggaattcgaa 
tgcacactaa 
tttgtaacca 
gtagcacgca 
cgagagtgta 
gcagaagaac 
aaagtttgcg 
aaatatgtaa 
etgaaaaaac 
atgaaaaaaa 
ctctacgaga 
agaaaaat at 
cagaagaaga 
Ltcaagaaaa 
gagccctatt 
gaaggacgca 
caggaacgac 
aaagetgaag 
cttcgttecg 
atCricattga 
gaacttcaat 
aaaactcttc 
atcaaacaag 
ctgagaaaaa 
ctcaagcgag 
gaaaagaatg 

caggctcccg 
gataagaaaa 
accatgcaac 
agtgaaaaca 
aatcttcgaa 
aatctcLacg 
cgtgacttca 
cttagttttc 
gaaataatta 
etaaaggaag 
aatctttcta 
gatttgcaaa 
aagagatatg 
cttcggaaga 
gaaottcaga 
actcaccgag 
gaaaetaaga 
gatcctccgg 
gaagagaaga 
attttccatc 
CT-eatggata 
ogecaaaaac 
altcbaaaag 
acattggcca 



702 c 

tcgaagcctg 
gtgtcggtga 
tcagtggacc 
ccggacaaat 
aaactcgtgt 
cagctgtacg 
acacattagc 
actt caacac 
ttttctgtca 
gttttgatga 
ttgtgctgga 
ctcatgttag 
cgaaacggaa 
tagaagagat 
ctgaattgga 
ttggaactga 
gctatggtga 
aggagttqtc 
ttat.tcactg 
aactcgatet 
aaattcgagg 
ccaatctgcg 
riaaacgaaaa 
gacagaatgc 
gtcttgctga 
agaaataect 
ctgagaaaga 
tgactgcata 
attttecatg 
tcatggaaga 
atcagtacag 
L 11 toga age 
agcgtctgaa 
attettatat 
agacaaaqaa 
ccactgaaca 
ttgtgaaagc 
ttcgagagaa 
aaaaegaaaa 
cagatgttgg 
agcaacttgt 
aagttgaaga 
agtgttctga 
tt tctctggg 
taaaagagat 
atgctcagtt 
aaaaagctga 
ggaaatcqct 
aggaaaataa 
gtttcgaaga 
atcaacttac 
cattcgatgg 



889 q 

ggaa ttgctt 
tgaggaccac 
aaatggaaca 
gcctacacaq 
tgatgcctca 
qaqact tqt L 
t ataaaatat 
t ycao 1 t 1 1.: a 
tcaagaaqat 
cat cttccaa 
ttttaagaaa 
ggataaactg 
agaggaaaot 
gagaacq tot 
gaggcaaaac 
aqaaqagttg 
agaacgggcc 
gcaaaagaaa 
ccaatcactg 
cgaacacgat 
aatgtctgat 
aacageaeaa 
agtcaaactg 
cactgcaggc 
ccttccatta 
aaaaeaattg 
cagagaaaaa 
tcaaaggata 
gactc-Oantt 
aqatct toga 
gaagcaagag 
ttgt te.gtgt 
gaaagcccqa 
c g a a g a a age 
aqaaataaac 
ggaagaatt g 
agaaggacaa 
aaacagaaaq 
ncaactggaa 
t gtaat teas 
ttctgaatct 
caaaga tgaa 
ggaaagaaat 
agaagct get 
tcaagagtqt 
caagaaagat 
ay tgyaag tg 
gt 1 1 aaaaaa 
tat tqcaact 
agat ctccqt 
tcgaat ga tt 
acaaataaat 



957 t 

atggcgaaat 

gatgttcaca 

ggaaaaacga 

aagaaaeaga 

gttactctcg 

gtgacatcag 

cctgatggca 

aaacatttag 

tcgacctggc 

ctgacaaaat 

gaaatgcaaa 

gtegctagae 

gatgagctga 

actcacgaac 

ttgaagaaac 

aagagagaaa 

agaatocaga 

actgaattcg 

aagtatgacc 

gcggatattg 

aaaqeacgaa 

gaagcagcta 

gagaaagaag 

atgaaggatc 

ctcgacyaga 

gacattctga 

gaatccttga 

tatgat aaca 

ctatcgaaga 

gatgttcaat 

gaaag tctaa 

gaagctgaag 

aaagatttag 

aaaagcagtg 

gaartctcaa 

gagaaattag 

gcaaacgaac 

ctglctaetg 

accgtqaatQ 

caact ctatg 

gattcttegg 

gaatatcgta 

aaact tea at 

gcacaggctg 

attaeggcaa 

gatctcacaa 

eagatgatga 

gteeaggaag 

c tgaar.gcca 

tegt teg a ta 

atcgaaaa ta 

gaaga togea 



ttttacgect 

aaattgattt 

ccaceatcga 

actttattca 

aatteattga 

gaacgaaagc 

cagtcaatac 

gcgtcccgag 

cactcagtga 

I; Lgtgaaagc 

cccacqagat 

aaaaccaaga 

aagaacgaaa 

tcgaggacac 

agctttctct 

ttgaagaatt 

aaaaaattgg 

agaacagaat 

tggaacgact 

acattgaaat 

tgattgcaaa 

caaaaattga 

tagaacagct 

ttctcjaaaaa 

otgeactgae 

aaaagaagtg 

aacaaae tot 

a ttggcaagg 

ct ttccacaa 

taaaegtcca 

cagciacagga 

aagtctccga 

cgcctctcag 

gt tgctgtcc 

agaagct tya 

tttcgaaatt 

tgcagagaat 

aaatggcgga 

ctaaactcaa 

aacaaacaga 

atggcctcag 

agattgttca 

caaaactgaa 

gtqcttccgc 

tetegcaaaa 

gaaatgtttc 

aaaaggagt t 

gcggtctgtg 

gcttagaaga 

gttcacatca 

agataaaaga 

taactgaaca 



acaea tcaga 

cctctctccq 

ggcactcaa e 

cagcacagat 

tgtcaaagga 

tgcagcact a 

tctgagcagc 

agcagt t t tc 

accaaaagaa 

acaggaacga 

gtctaaacaa 

agaatgtgag 

agccaatgga 

attaacttcg 

cattcgtgtg 

ccgtggt tot 

taaaaataat 

ttcaagtt ta 

agaaaatcaa 

tgataacget 

gaactgtgcc 

agtagaaatg 

gaaattcaaa 

agaagaagct 

agaatgeaaa 

cgccgaggct 

gtctattget 

attgattgga 

attgaggaat 

aaagct tgaa 

attgaagttg 

gaaattggaa 

tgcaaaat ca 

.nctttgtgat 

aaata tgaea 

ggaaaaagaa 

agtaaaagaa 

agagaaatcg 

attagctgaa 

agagaaegaa 

ctacaccgaa 

agaaggagaa 

tgagctcgga 

agaacaattg 

aagaaa Lgaa 

cagtaaaqaa 

ggateaaaaa 

cgaaagacaa 

aaa tcagcaa 

aegegagtea 

gttgaaaaga 

aaaacaagct 
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3121 tataacaaac ttcaaaa^Ja acttcgcttg attggaaaeq aacjaaqo^Pa aatatacact 

3181 cagatgcaag agtacgagaa gcaaaaaaoa attgcggaag caaanttgtc aacgaaagag 

3241 tqteaqaatq ctqaatcgaa ttatcgtgat gctatcataq aactqqcaat taetaaagaa 

3301 tctatctctg atttaacgaa gtatagaaat tgtcttgatg cttcactcat c:caatttr.at 

3361 tctgaaaaaa tgggcagggt caatggaatc attgatgaLc tatggagaaa agtatataat 

34 21 tccacggata ttactacaat caggattaga tea gat get a cttctgagac ttel teaaag 

3481 aaagtcgcat acgaatacaa tgttatgatg gttcatgaaa ctggcaccga agttgagatg 

354 1 eg iiqgaeqci: gcag Lgctgg Lcaaaaaa Ig et tigcttcqt LqeL La L Icq ca t tgeaetc 

3601 gcagaagtat tcggtggtte atgctegatg attgcgttgg atgaaccaac aacaaatttg 

3661 gatqaqagca aagtggaagg aatggctatc gttttgqeaq atataattqc tqaaagaege 

3721 ggattcgatg aaaatggaaa gttgagagga agagatatgc agatggtagt aatcactcac 

378.1 gatgagegae tegtcaacag gatcacaatc agttgtcgtc cagagtatat ttaU;gi:u.tg 

3941 gggaaggacg ageaeggaat aagtttcctt tegaaaegtt atccagatgg aacagtgaaa 

3901 agagttaata egaagagacg gttctagaat ggtattgaag aatctcaata gtacaaataa 

3961 tattttaeqq tctcaaaatt gattegctea ccttttaatt atgttttaLq ctttgtcaga 

4021 tcattcccga gtttccaaat gttgttacct catgttttat attttacgag atgaaccrrga 

4 081 tgeaieqqcc qatqtqaaat qaaaaaaaaa aaaaaaaaaa a 

// 
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F 1: U63139. Homo sapiens Rad5. 
[gi: 1.5 18805] 



ProbeSet Related Sequences, OMIM, Protein, PubMed, Taxonomy, 

LinkOut 



LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 



HSU63139 

Homo sapiens Rad50 
U63139 

U63139.1 GI:1518805 



TITLE 



JOURNAL 
MEDLINE 
PUBMED 
REFERENCE 
AUTHORS 

TITLE 
JOURNAL 

FEATURES 

source 



gene 
CDS 



5092 bp 
(Rad50) mRNA, 



mRNA linear 
complete cds . 



PRI 07 -JUL- 1999 



human . 

Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euta.l.ao.stomi ; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae ; Homo. 

1 (bases 1 to 5B32) 

Doiganov,G.M. , Maser,R.S., Novikov, A, , Tosto,L-, Chong,S., 
Bressan, D. A. and Petrini, J. IK 

Human Rad50 is physically associated with human Mrell: 

identification of a conserved multiprotein complex implies Led in 

rQcombinational DNA repair 

Mo.1 - Cell. Biol. 16 (9), 4832-4841 (1996) 

96347553 

8756642 

2 (bases 1 to 5892) 

Dolganov, G- M. , Maser,R.S., Novikov,A., Tosto,L. r Chong,S., 
Bressan, D.A. and Petrini, J . H , J . 

Direct Submit si on 

Submitted ( 09- JUL-1996) Human Genetics, Genelabs Technologies, 
Inc., 505 Penobscot Drive, Redwood City, CA 94063, USA 

Local; i o n /Qua] i f i gi r s 

1. .5892 

/organism^" Homo sapiens" 

/db_xref ="taxon : 9606" 

/ ch r omo s ome ="5" 

Anap= TT 5q31" 

1. .5892 

/gene="Rad£0" 

389. .4327 

/gene-v"Rad50" 

/noi;e="5 ' -end of mRNA is not verified by primer extension 

or RNAse protecLiori; the longest cDNA contains 38 8 bp of 

5'UTR sequence" 

/codon^st art=l 

/evidence=expc>r imcntal 

/product«"Rad50" 

/protein id---" AABQ7 1 1 9 . 1 " 

/db xref="GI: 1.5lfi806" 

/translation="MSRIEKMSIT,GVRSFGIEDKDKQIITFFSPLTILVGPNGAGKTT 
IIECLKYICTGDFPPGTKGNTfVHDPKVAQETDVRAQIRLQFRDVNGELIAVQRSMVC 
TQKSKKTF.FKTLECVITRTKHGEKVSLSSKCAEIDREMlSSLGVSKAVL.MNV.'i: f'CHQF. 
OS NWPLS AG KALKQKFDEI FSATRYI KALETLRQVRQTQGQK VKE YQM EL K Y LKQ Y K E 
KACEIRDQITSKEAQLTSSKF.IVKSYENELDPLKNRLKEIEHNLSKIMKLDNEIKALD 
SRKKOMEKDNSELEEKMEKVPQGTDEQLNDLYHNHQRTVREKERKLVOCHRFT.FKLNK 
ESRI-LNQEKSELLVEQCRLQLQADRHQEHIRARDSLIQSLATQLELDGFERGPFSERQ 
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®034 
Pa^e 2 ol*4 



XKNFHP^^ERQEREAKTANQLMNDFAEKETLKQKQID^^KKTGLGRIIELKSEIL 

SKKQNELKNVKYELQQLEGSSDRILELDQELI KAERELSKAEKNSNVETLKMBVISLQ 
NEKADLDRTLRKLDQEMEQLNHHTTTRTQMEMLTKDKADKDEQIRKIKSRHSDELTSL 
LGYFI'NKKQLKDWLHSKSKEINQTRDRLAKLNKELASSEQNKNHINNELKRKEEQLSS 
yEDKLFOVCGSQDFF,SDT..DRl.KEEIEKSSKQRAMLAGATAVYSQFTTQIjTDENQSCCr j 
VCQRVFQTEAELQEVISDLQSKLRLAPDKLKSTESELKKKEKRRDEMLGLVPMRQSII 
DLKEKEIPELRNKLQNVNRDIQRLKNDIEEQETLLGTIMPEEESAKVCLTDVTIMERF 
QMELKDVERKrAQQAAKt.QGIDLDRTVQQVNQEKQEKQHKLDTVf3SKIEI.NRKI.TQnQ 
QEQIQHLKSTTNELKSEKLQISTNLQRRQQLEEQTVELSTEVQSLYREIKDAKEQVSP 
LETTLEKFQQEKEF.LTNKKNTSNKTAQDKI.NDTKEKVKNIHGYMKDIENYIQDCKDDY 
KKQKETELNKVIAQLSSECEKHKfiKINEDMRLMRQDIDTQKIQERWLQDNLTLRKRNtE 
LKEVEEERKQHLKEMGQMQVLQMKSEHQKLEENIDNIKRNHNLALGRQKGYEEEIIHF 
KKELREPQFRDAEEKYREMMIVMRTTELVNKDLDIYYKTLDQAIMKFHSMKMEEINKI 
IRDLWRSTYRGQDIEYIEIRSDADENVSASDBCRRNYNYRWMLKGDTALDMRGRCSAG 
QKVLASLIIRL.ALAETFCLNCGIIALDEPTTNLDRENIESJ..AHALVEIIKSRSQQRNF 
QLLVITHDEDFVELLGRSEYVEKFYRIKKNIDQCSEIVKCSVSSLGFNVH" 



BASE COUNT 
ORIGIN 

1 
61 
121 
181 
241 
301 
361 
421 
461 
541 
601 
661 
721 
781 
841 
901 
961 
1021 
1081 
1141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1861 
1921 
1981 
204], 
2101 
2161 
2221 
2281 
2341 
2401 
2461 
2521 
25S1 
2641 



2080 a 

ccaggagagc 
aggcaggaag 
ccggcgggca 
tggtqtggga 
cttttggcag 
gtcteacgtc 
cctggtgaga 
cgtgcggagt 
tacaattttg 
tatttgtact 
ggttgctcaa 
agaacttata 
taaaactctg 
taagtgtgca 
aaataatgt C 
tttgaagcaa 
actt eggcag 
atatctgaag 
ageccagtta 
gaagaatcgt 
aat t a sag cc 
gaaaatggaa 
c c a g a g a a c a 
accaaataaa 
tegtctacag 
tcagtctttg 
acagattaaa 
caaccaactg 
gataagagat 
taagaagcag 
agacaggatt 
tgagaaaaac 
agcagaetta 
tacaacaaca 
aatcagaaaa 
caacaaaaaa 
ggacagactt 
aaataa tgaa 
tgtttqtqgt 
atcatcaaaa 
teagctaaca 
ggelgagtta 
actcaagtca 
acttgtgccc 
aaacaaactg 



1097 c 1301 y 1414 I 



ggcgtggacg 
cttgtgagtg 
gccccaggct 
gqaaaggctc 
tcctgtggcc 
ccgtgcacgc 
ttagaaacgt 
tttggaatag 
gttggaccca 
ggagatttcc 
gaaacagatg 
gctgtgcaaa 
gaaggagtca 
gaaattgacc 
attttctgtc 
aagtttgatg 
gt aegtcaga 
caatataagg 
acatcttcaa 
ctaaaagaaa 
ttggatagcc 
aaggtttttc 
gtaagggaga 
gaatctagge 
ctgcaagcag 
gcaacacagc 
aatttt caca 
atgaatgact 
aagaaaactg 
aatgagctga 
ettgaactgg 
agcaatgtag 
gacaggaoce 
cgtacccaaa 
ataaaatcta 
cagcttgaag 
gecaaattga 
ctaaaaagaa 
ayecaggatt 
cagcgagcca 
gacgaaaacc 
caagaag tea 
acagaatcag 
atgaggcaaa 
cagaatgtca 



cgtgcgggcc 
cgcqqttqcq 
ggt ccccgcrc 
calceeeeqe 
tcgctccccg 
ettget tegg 
ttgeaaacat 
aggacaaaga 
atgggqcqqg 
ctoctggaac 
tgaqaqecca 
gatct a tggt 
ttact agaac 
gagaaatgat 
atcaaqaaqa 
agattttttc 
cacaaggtca 
aaaaogcttg 
aggaaattgt 
ttgaacataa 
g a a a g a a g c o 
aaqqqactga 
aa g a a a gga a 
t: tctcea cca 
atcgccatca 
tagaattgga 
aacttqtqag 
ttgcagaaaa 
gactqygaaq 
aaaatqtgaa 
accaggagct 
aaacct taaa 
tgegtaaact 
tggagalget 
ggcacagt ga 
actggctaca 
acaaggaact 
aggaagagca 
ttqaaay Lqa 
tgctggctgg 
agtcatgttg 
tcagtgac 1 1; 
agctaaaaaa 
gcataattga 
atagagacat 



tagaggecca 

gqgtcqcat t 

tccgctctcc 

cccccctetc 

cccggatGct 

cctcagttaa 

gtcccggatc 

taagcaaatt 

aaagacyacc 

caaaggaaat 

gattegtctg 

gtgtactcag 

aaagcatggt 

cagttctctt 

ttctaat tgg 

agcaacaaga 

gaaagtaaaa 

tgagattcgt 

caaatcctat 

tctctctaaa 

aatggagaaa 

tgagcaacta 

attggtagac 

ggaaaaatca 

agaacatatc 

tggctttgag 

agagagacaa 

agagactctg 

aataal tgag 

gtatgaatta 

cataaaagct. 

aatggaagta 

tgaccaggag 

gaccaaagac 

tgaattaacc 

tagtaaatca 

agcttcatct 

gttgtccagt 

tttagacagg 

agccacaqca 

ccccgtttgt 

gcagtctaaa 

aaaggaaaag 

tttgaaqqag 

acagcgccta 



cgtgatccgc 
qtqqctacgg 
ccaccggcgg 
ccgctgttgg 
cctgaccctg 
gcctttgtgg 
gaaaagatga 
atcactttct 
atcat tgaat 
acatttgtac 
caattitcgtig 



agggeggecg 
Ctt tqcqtcc 
ggaaagcagc 
ctggcagga L 
agattcgegg 
actccaggtc 
gcatt ctggg 
tcagcr.ccct 
gtctaaaata 
acgatcccaa 
atgtcaatqq 



aaaagcaaaa agacagaatt 
gaaaaggtca gtctgagctc 
ggggtttcca aggctgtgct 



cctcbaagtg 
tacattaaag 
gaatatcaaa 
gatcagatta 
gagaatgaac 
ataatgaaac 
gataatagtg 
aat ga ctt at 
tgtcatcgtg 
gaactgcttg 
cgagctagag 
cgtggaccat 
gaaggggaag 
aaacaaaaac 
ttaaaatcag 
cagcagt tgg 
gaacgtgagt 
ataagtctcc 
atggagcagt 
aaagctgaca 
tcactgttgg 
a a a g a a a h I; a 
gaqcagaat a 
tacgaagaca 
cttaaagagg 
gt ttact. coo 
cagagagttt 
ctgcgacttg 
eggcgtgatg 
aaggaaaiiac 
aagaacgaca 



aaggaaagqe 
ccttagaaao 
Lggaact aaa 
caagtaagga 
ttgatccatt 
ttqacaatga 
a ac t gg aaga 
atcacaat ea 
aactggaaaa 
ttgaacaggg 
at bcattaat 
tcagtgaaag 
caaaaact go 
agatagatga 
aaatcctaag 
aaggatet i:c 
taagcaaggc 
aaaatgaaaa 
taaaccatca 
aagatgaaca 
gatattttcc 
a tea gat:c:ag 
a aa a teat at 
agctgtttga 
aaattgaaaa 
agttcat tac 
ttcagacaga 
ctccagataa 
aaatgctggg 
cagaat taag 
tagaagaaca 
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2701 agaaacaetc ttgggt^Jk taatgcctga agaagaaagt gecaaa 
^- 27,61 tgttacaatt atggagaggt tccagatgga acttaaagat gttgaaagaa 
•2821 acaagcagcb aagcbacaag gaabagactit agabcgaact gbccaacaag 
288 1 gaaacaagag aaacagcaea agttagacac agtttctagt aagattgaat 
2941 gcttatacag gaccagcagg aacagattca acatctaaaa agtacaacaa 
3001 atctgagaaa cttcagatat ccactaattt gcaacgtcgt cagcaactgg 
3061 tgtggaatta tccactgaag ttcagtcttt gtacagagag ataaaggatg 
3121 ggtaagccct ttggaaacaa eatbggaaaa gttccagcaa gaaaaagaag 
3181 caaaaaaaat acaagcaaea aaacagcaea ggataaactg aatgatatta 
3241 taaaaatatt catggctata tgaaagacat tgagaattat attcaagatg 
3301 .ctataagaag caaaaagaaa ctgaacttaa taaagtaata gctcaactaa 
3361 gaaacacaaa gaaaagataa atgaagatat gagactcatg agacaagata 
3421 gaagatacaa gaaaggtggc tacaagataa ccttacttta agaaaaagaa 
3481 aaaagaagtt gaagaagaaa gaaaaeaaca tttgaaggaa atgggtcaaa 
3541 gcaaatgaaa agtgaacatc agaagttgga agagaacata gacaatataa 
3601 taatttggca ttagggegae agaaaggtta tgaagaagaa attattoatt 
3661 acttcgagaa ccacaatttc gggatgctga ggaaaagtat agagaaatga 

37 21 gaggacaaca gaacttgtga acaaggatct ggatatttat tataagacto 
3781 aataatgaaa tttcacagta tgaaaatgga agaaatcaat aaaattatac 

38 41 gegaagtace tatcgtggac aagatattga atacatagaa ataeggtctg 
3901 aaatgtatca gcttctgaba aaaggcggaa ttafcaactac cgagtggtga 
3961 agacacagcc ttggatatgc gaggacgatg cagtgctgga caaaaggtat 
4021 catcattcgc ctggccctgg ctgaaacgtt ctgcctcaac tgtggcatca 
4081 tgagecaaca acaaatcttg accgagaaaa cattgaatct ettgeacatg 
414], gataataaaa agtcgctcac ageagegbaa cttccagctt ctggtaatca 
4201 agattttgtg gagcttttag qacgttctqa atatgtggag aaattctaca 
4 261 gaacatcgat cagtgettcag agattgtgaa atgcragtgtt agctccctgg 
4321 icattaaaaa tatccaagat ttaaatqcea tagaaatgta ggtecLcaga 
4 381 taagaaactt atttctcata tcaacttagt caataagaaa at.atat.tctt 
4441 attgtgtcta ggattttgga tgttgagagg ttctaaaatc atgaaacttg 
4501 aattggacag attgcctgtt tetgatttge tgctcttcat cccattccag 
4561 tcaggccttc agggttcagc agtacagccg agactcgact ctgtgcctcc 
4 621 caaatgeatg cttcttctca nagcactgtt gagaaggaga taattactgc 
4681 tatggttttg gtattttttt aaatcatagt taaatgttac ctctgaattt 
4741 atgtggtttg aaaaactgag tattaatatc tgaggatgac cagaaatggt 
4801 tttggctctg cttttaactt tataaatcca gtgacctctc tctctgggac 
4 8 61 caactaaaat ttgaagtagt tgaatggggt ctcaaagttt gacaggaacc 
4921 atctaagtca gtacccacca ccltcLLctc ctacatatcc cttccagatg 
4 981 ctcagagctc tctctacaga gaggaaattc tccactgtgc acacccacct 
5041 ctgaccactt gaggc^-tgat otgocoatcg tgaagaagee: tgtaacactc 
5101 atcctgtgta gcatactggc ttcaccatca atcctgattc ctctctaagt 
5161 atgtggaagg caagccaggc tcactcacag agtcaaggee tgctccctgt 
5221 cagacctgga agaacaggee tctccatttg ctctteagat gccacttcta 
5281 aatcacagtt tttcctggaa ttgccagctg acatcttgaa tccttccatt 
5341 tgcaaccaag tcacacgctt ttgaattatg ctttgtagag ttttgteatt 
5401 caggaccata ccgggtcttg attcagtcac atggcatggt tttgtgccat 
54 61 aatgagcatg tttgectaga oagctt ttct caactgggtc cagaagagaa 
5521 aggtcctaag gcatetatet qtqctaqqtt aaatggttgg cecccaaaga 
5561 ctgatttcta gaacccgtga ctgttacttt atacagcaaa ggaaactttg 
5641 taaagcrtaag gaccttaaga cagagtabce tgggggtggt ggtggggtgg 
5701 taaatgtaat cacgagtaag attaagagca aatcaattct agtcatatat 
57 61 caataaccaa gatattttta tcooaagaat gcaagatttc agaaaatgaa 
5821 ataaatccat cactataata aaaccgaagg tgaaaaaaat tctgaaaaaa 
5881 dddddddaaa aa 

// 
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gectgacaga 
aaattgeaca 
tcaaccagga 
tgaatcgtaa 
atgagct aaa 
aggagcagac 
ctaaagagca 
aa b Laa Lcaa 
a a gag a agg t 
ggaaagacga 
gtgaatgega 
t tgatacaca 
atgaggaact 
bgcaggttLb 
aaagaaatca 
1. t a a g a a a g a 
tgattgt tat 
ttgaccaagc 
gtgacctgtg 
atgccgatga 
tgctgaaggg 
tagcctcact 
,ttgcd:tgga 
ctctggttga 
ctca tga bga 
ggab taaaaa 
gattcaatgt 
aagegtabaa 
tcaaagga 
tt tcactqaa 
gcagcctctg 
ctccccagtg 
cttgaaaa tt 
acttccttgc 
gagatgtatg 
ttggtttccc 
ttaagtaatc 
gtcabecaga 
ttggaaagct 
ctctgcgtct 
gggcattgee 
agggtccaac 
agaaaag cd: 
ccacacagaa 
cagagtcago 
ctgtagctat 
ttaagcocta 
t agaoagq be 
cagatgtgat 

gggggggtcc 

taaacatcca 
a a a t c t- g 1. 1 g 
aaaaaaaaaa 
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r 1: Z7531 L H. sapiens mRNA fo,..[gi:2687852| 



Related Sequences, OMIM. Protein, Taxonomy, LinkOut 



LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
JOURNAL 

REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

FEATURES 

source 



CDS 



Offenberg H.R., Agricultural University/ 
Wageningen, 6703 HA The Netherlands 



HSRAD50 4123 bp mRNA linear PRI 1I-DEC-1997 

H , sapiens mRNA for RAD50 , 

Z75311 

Z75311-1 01:2687852 

RAD50. 

human . 

Homo s apiens 

Eukaryota; Mctazoa; Chordata; Craniata; Vertcbrata; Eutciaostomi ; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 

1 (bases 1 to 4123) 
Offenberg, H.H. 
Unpublished 

2 ' (bases .1 to 4123) 
Offenberg, H.H. 
Direct Submission 
Subirti 1 1 ed (10- JUL- 1996) 
Genetics, Dreyenlaan 2 r 

Location/ Qualifiers 
1. .4123 

/organiain="Hoi«o sapiens" 
/db_xref -"taxon: 9606" 
/ 1 i s s ue l ype= " testis 11 

/clone_lib" "library HLllGla in lambda gtlO (Clontech)" 

4 3. .3999 

/qene«"RAD50" 

43. .3999 

/gene="RAD50" 

It unction™ "DN A repair arid recombirida I ion protein" 
/codon_start=l 

/product="RAD50 homologue hsRADSO" 
/protein_id-"CA A99729. 1" 
/db_xref="GI; 2687853" 
/ db_xr e t - " S PTREMBL : O 4 3 2 5 4 " 

/tran:?J.at.ion="MI.IFSVRDMFAKMSILCVRSFGIEDKDKQIITFFSPLTILVGPN 
GAGKTTiltCLKYICTGDFPPGTKGNTFVHDPKVAQETDVRAQIRI.QFRDVNGELIAV 
QRSMVCTQKSKKTEFKTLEGVITRTKHGKKVSLSSKCAE1DREM1SSLGVSKAVLNNV 
IFCHQEDSNWPLSEGKALKQKFDF.IFSATRYIKALF.TLRQVRQTQGQKVEF.YQMF.LKY 
LKQYKEKACEIRDQITSKEAQLTSSKElVKSYENELDPLKNRLKhllEHNLSKlMKLDN 
FTKAI.j;)SRKKQMF.KDNSELF.FJ<MEKVFQGTDEQLNDLYHNHQRTVREE<ERKLVDCHRE 
LEKLNKESRLLNQEKSELLVEQGRLQLQADRHQEHIRARDSLIQSLATQLELDGFERG 
PFSERQlKN FHKLV RllRQEGEAKTANQLMNDFAEKETLKQKQI DEI RDPCKTGLGRI I E 
LKSEILSKKQNELKNVKYELQQLEGSSDRILELDQEI..IKAERRLSKAP.KNSNVETLKM 
EVISLQNEKADLDRTLRKLDpEMEQLNHHTTTKTQMEMLTKDKADKDiiQIRKIKSRHS 
D F. T..T S T « T <G Y F P N KKQ I , F. DW J.j H S KS KE I N QT RD R L AKLNKE L AS SEQNKNIIINNELERK 
EEQLSSYEDKLFDVCGSQDFESDLDRLKEEIEKSSKQRAMLAGATAVYSQFTTQLTDE 
N Q S C C P VCQR V FQ T E AE LQ E A I S DLQ S KLRLA P DKLKSTESF.LK K K E K R R 0 EM LG T i A p 
MRQSI IDIjKF.KEIPELRNKLQNVNRDIQRLKNDIEEQETLLGTIMPEEESAKVCLTDV 
TIMERFQMP.LKDVP.RKTAQQAAKLQGIDLDRTVQQVNQEKQEKQHKLDTVSSKIELNR 
K L I Q DQQ EQ I QH LKS T T N E LK S EKLQ I S TNI >QRRQQT..E F.QT VF LS T E VQ S T , Y R F. T K DA 
KEOVSPLETTLEKFQQEKEELINKKNTSNKIAQDKLNDIKEKVKNIHGYMKDIENHIQ 
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dgkdd^^Iketelnkviaqlsecekhkekincdmrlmf^Pdtqkiqerwlodnltl 

rkrnf.fjaxve'.f.egkqhlkemgqmqvlqmksehqkleenidnikrnhni.at.grqkgyf. 
eeiihfkkelrepqfrdaeekyremmi vmrttelvnkdld1 yyktldqaimkfhsmkm 
e e i n f< 1 1 r d t- w r 5 t y rg q 0 j e y i e i rs d a d en v s as dkrrn y n y r wml kg d t a t . dm r 

GRCSAGQKVLASLI IRLALAETFCLNCGIIALDEPTTNLDRENI ESLAHALVEI IKSR 
SQQRNFQLLVITHDEDFVELLGRSEYVEKFYRIKKNIDQCSEIVKCSVSSLGFNVH" 
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BASE COUNT 
ORIGIN 

1 
61 
121 
181 
2A1 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961. 
1021 
1081 
1141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1861 
1921 
1981 
2041 
2101 
2161 
2221 
2281 
2341 
2401 
2461 
2521 
2581 
2 64 1 
2701 
2761 
2821 
2881 
2941 
3001 
3061 
3121 
3181 
3241 



1630 a 

tgcggagttt 

cgggacatgt 

gataagcaaa 

ggaaagacga 

accaaaggaa 

cagattcq tc 

gtgtgtactc 

acaaagcatg 

atcagttctc 

gattctaatt 

tcagcaacaa 

cagaaagtag 

tgtgagat be 

gtcaaatcct 

aatctctcta 

caaatggaga 

gatgagcaac 

aaattggtag 

caggaaaaat 

eaaqaacata 

gatggctttg 

agagagagac 

a aa gag a etc 

agaa taat Lg 

aagtatgaat 

ctcataaaag 

aaaatggaag 

ct tgaccagg 

ctgaccaaag 

gatgaattaa 

catagtaaat 

ctagcttcat 

cagttgtcca 

gattt agaca 

ggagccacag 

tq oooog L t t 

ttgcagt eta 

aaaaaggaaa 

gat t tgaagg 

atacagcqcc 

gaagaagaaa 

qaacttaaag 

ttagatcgaa 

acaqtttcta 

caacatctaa 

ttgcaacgtc 

ttgtacagag 

aag ttccagc 

caggat aaao 

attgagaatc 

a a Laaag taa 

a t gag a etc a 

aaccttactt 

catttgaagg 

gaagagaaca 



661 c 

tggaatagag 
ttgeaaagat 
ttatcacttt 
e eat eat tga 
atacatttgt 
tgcaa i:l teg 
agaaaagcaa 
gtgaaaaggt 
ttggggtttc 
ggcctttaag 
gatacattaa 
aagaatatca 
gtgaicagat 
atgagaatga 
aaataatgaa 
aagataatag 
taaatgactt 
actgtcat eg 
cagaactget 
tccgagctag 
agcgtggacc 
aagaagggga 
tgaaacaaaa 
agt caaaatc 
tacagcagtt 
clgaacg tga 
taataagtct 
agatggagca 
acaaagctga 
cctcactgt.t 
caaaagaaa t 
ctgagcagaa 
gttacgaaga 
ggettaaaga 
cagtttactc 
q toagagag L 
aactgegaet 
agcggcgtga 
agaaggaaa L 
taaaqaacqa 
gtgccaaagt 
atgt tgaaay 
ctgtccaaca 
gtaagattga 
aaagtacaac 
gtcagcaact 
agataaagga 
aagaaaaaga 
tgaatgatat 
atattcaaga 
tagc:tc:aact 
tgagacaaga 
taagaaaaag 
aaatgggtca 
tagaeaatat 



931 t 

agcacgccca 
ggcgtgegga 
cttacaattt 
tatatttgta 
aaggttgctc 
ggagaactta 
tttaaaaccc 
tctaagtgtg 
ctaaataatg 
gotttgaagc 
acacttcggc 
aaatatctga 
gaagcccagt 
ttgaagaatc 
gaaattaaag 
yagaaaaigg 
caccagagaa 
aaactaaata 
tgttgaacag ggtegtctae 
aga L t ca L ta attcagtctt 



901 g 

gacaaagata 
gagcattctg 
cttcagcccc 
atgtctaaaa 
acacgatccc 
tgai. g lea at 
aaagacagaa 
cagtctgagc 
caaggctgtg 
tgagggaaag 
agecctagaa 
aatggaact a 
taeaag laag 
acttgatcca 
acttgacaat 
tgaactggaa 
atar.cacaat 
tgaact ggaa 



attcagtgaa 
agcaaaaao t 
acagatagat 
agaaalccta 
ggaaggat ct 
g t laageaag 
ccaaaatgaa 
gttaaaecat 
caaaqatqaa 
ggga tatttt 
taatcagacc 
taaaaatcat 
caagctgttt 
ggaaat tgaa 
ccagttcat t 
1 1 1 1 uagaua 
tget ccaga t 
tgaaar.gctg 
a ccaga a t L a 
cataqaaqaa 
atgcetgaoa 
aaaaat Lgca 
agtcaacoag 
attqaatcqt 
aaatgageta 
ggaggagcay 
tgctaaagag 
a g a a t t a a t o 
taaagagaag 
tgggaaagac 
aagtgaatgc 
tar. r.gataea 
aaa t qaqgaa 
aatgcaggtt 



agacagatta 
gccaaceaac 
gagataagag 
agtaagaagc 
tcagacagga 
gctgagaaaa 
aaagcagact 
catacaacaa 
caaa tcagaa 
cccaacaaaa 
agggacagac 
ataaataatg 
gatgtttgtg 
aaat ca teaa 
aeiicaycLaa 
gaggctgagt 
aaactcaag t 
ggacttgege 
a g a a a c a a a c 
caaqaaacac 
gatgttacaa 
caacaagcag 
gagaaacaag 
aagct tatac 
a a at ct gaga 
actgtgyaat 
caggtaagee 
aacaaaaaaa 

g t. taaaaa La 
gactatatga 
gagaaacaca 
oagaagatac 
eta a a aga a g 
ttgcaaatga 
cat.aar.ttgg 



gaatgetcat 

gttttggaat 

tggttggacc 

eeggagatt t 

aagaaacaga 

tagctgtgca 

tggaaggagt 

cagaaattga. 

tcattttctg 

aaaagtttga 

aggtaegtea 

agcaatataa 

t a a cat cttc 

gtctaaaaga 

ccttggatag 

aaaaggtt tt 

cagtaaggga 

aagaatctag 

agetgeaage 

tggcaacaca 

aaaattttca 

tgatgaatga 

ataagaaaac 

agaatgagct 

ttcttgaact 

acagcaatgt 

tagacaqgac 

cacgtaccoa 

aaataaaa Lc 

aacagcttga 

ttgecaaatt 

aact agaaaq 

gtagccagga 

aacagegage 

cagacgaaaa 

t a ca a ga a g c 

caacagaotc 

ccatgaggca 

tgcagaatgt 

tct tggg tac 

ttatggagag 

ctaagctaca 

agaaacagca 

aggaccagca 

aacttcagat 

tateeaclyy 

ctttggaaac 

atacaagcaa 

t tea tggeta 

agcaaaaaqa 

aagaaaagat 

aagaaaggtg 

ttgaagaaga 

aaagtgaaca 

cattagggcg 



etttteggtc 
aqaggacaaa 
caatggggcg 
cectcc tgga 
tgtgagagcc 
a a gate i.a tg 
cattact aga 
ccgagaaa tg 
tcatcaagaa 
tgagattttr. 
gacacaagqt 
ggaaaaagct 
aaaggaaa tt 
aattqaacat 
ccgaaagaag 
tcaagggact 
gaaagaaagg 
get t et eaat 
agatcgecat 
gctagaatrg 
caaacttgtg 
ctttgeagaa 
tggactggga 
gaaaaatgtg 
ggaccaggag 
agaaacct La 
ectgegtaaa 
aatggagat g 

taggeacagt 
agact ggcta 
gaacaaggaa 
aaaggaagaq 
ttttgaaagt 
eatgetggo t 
ceag tea tg t 
catcagt.ga t 
ogogetaaaa 
aagcataatt 
caatagagac 
aataatgcci 
gttccagatg 
aggaatagae 
caagttagac 
ggaacagatt 
atccactaat 
t teay tct 
aacat tqqaa 
caaaatagca 
t a t g a a a g a e 
aactgaaut t 
aaatgaagat 
get acaagat 
aggaaaacaa 
tcaqaagt tq 
acagaaaggt 
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3301 
33JS1 
3421 
3481 
354 1 
3601 
3661 
3721 
3731 
3841 
3901 
3961 
4 02 3. 
4081 



tatgaagaag aaatta^^ ttttaagaaa gaacttcgag 
qaqqaaaagt atagagaaat gatgattgtt atgaggacaa 
ctggatattt attataagac tcttgaccaa gcaataatga 
gaaqaaatca ataaaattat acgtgocctg tggcgaagta 
gaatacatag aaatacggtc tgatgccgat gaaaatgtat 
aattataact accgagtggt gatgctgaag ggagaeacciq 



tgcagtgctg gacaaaaggt 

ttctgcctca actgtggcat 

aacattqaat ctcttgcaca 

aaottccagc ttctggtaat 

gaatatgtgg agaaattcta 

aaatgcagtg ttagctccct 



attagcctca ctcatcattc 
cattgccttg gatgagccaa 
tgctctggtt gagataataa 
cactcatgat gaagattttg 
caggattaaa aagaaeatcg 
gggattcaat gttcattaaa 



aaccaci 
cagaact tgt 
aatttcacag 
cctat cgtgg 
cagcttctga 
cch tgga ta t 
gcctggccct 
caacaaatct 
aaagLcgcic 
tggagctttt 
atcagtgctc 
aatatccaag 



catagaaat.g taggtcctca gaaagtgtat aataagaaac ttatttctca 
gtcaataaga aaatatattc tttcaaagga aaaaaaaaaa aaa 



tcgggatgct 
gaacaaggat 
tatgaagatg 
aeaagatatt 
taaaaggcgg 
gegaggacga 
ggctgaaacg 
tgaccgagaa 
acagcagcgt 
aggacgttct 
agagattgtg 
atttaaatgc 
tatcaactta 
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f~ 1: NM 022246, RattUS norvegicilS...[gi:l 1560047 1 Related Sequences, Protein, PubMed, Taxonomy, UnkOut 

LOCUS NM_02224 6 4444 bp mRNA linear ROD O6-DEC-2000 

DEFINITION Rattus norvegicus RAD50 homolog (S- cerevisiae) (RadSO) , mRNA. 
ACCESSION NM_02224 6 

VERSION NM_G2224 6.1 GI : 11560047 

KEYWORDS 

SOURCE Norway rat. 

ORGAN ISM R a 1 1 u s no rye g i c u s 

Eukaryota; Metazoa; Chordata; Craniata; Vcrtcbrat.a; Eutel eostomi ; 
Mammalia; Eutheria; Rodent. ia; Sci orogna thi ; Muridae; Murinae; 
Rat tus. 

REFERENCE 1 (bases 1 to 4444) 

AUTHORS T..anson,N. A- Jr., Egeland, D . B . , Royals, B. A. and CI ay comb, W . C . 
TITLE The MREl 1-NBS 1 -RADSO pathway is perturbed in SV4C) large T 

antigen-immortalized AT-1, AT- 2 and HL-1 cardiornyocytes 
.JOURNAL Nucleic Acids Res. 28 (15), 2862-2892 (2000) 
MEDLINE 20368653 

COMMENT PROVISIONAL RBFSEQ : This record has not yet been subject to final 

NCBI review. The reference sequence was derived from AF218 57 6.1 . 
FEATURES Location/Qualifiers 
source 1 . .4444 

/organism="Rattus norvegicus" 
/db - xref="taxon: 10116" 
gon g ]. . .4444 

/gene="Rad50" 
/db_x r ft f = " T,ocu s I D : 6401? " 
COS 156. .4 094 

/gene="RadS0 ,f 

/function="DNA double-strand break repair and 
recombination" 

/function=" telomere length maintenance" 

/note=".yiruilar to Saccharomyces cerevisiae Rad50; null 

mutation is lethal in murine embryonic st;en.i cells" 

/ c o d o n_s t:. a c I = 1 

/ db_xr e f - "Locus I D : 64012 " 

/product="RAD50 homolog (S. cerevisiae) " 

/protein id="NP 071582.1" 

/db_xref-"GI : 11560048" 

/ 1 r a n S 1 a t i on= " MS R I EKMS TLG V RS t"G 1 E DK OKO 1 1 S F t"S PLT I L VG P N GAG KT T 
IIECLKYICTGDFPPGTKCNTFVHDPKVAQETDVRAQIRLQFRDVNGEMVLVQRSMLC 
S Q KS KKT E FKT LEG V I T R I K HG E KV S L S S KCAE I D R E M i S C LGV S K S V L N N V I FC K Q £ 
DSNWPLSEGKMjKQKFDEIFSATRYIKALDTLRQVRQTQGQKVKECQTELKYLRQNKE 
I<ACE I RDQ I T S KE AQL A S S R FJ V K A Y EN EL C P LK N RL K £ I E R N L S K I MRL DN E I KAL D 
SRKKQMEKDNSELEQKMfiKVFQGTDEQLNDLYHNHORTVREKERRLVDCQRELEKLSK 
EARLLNQERAELLVEQGRLQLQADRHQEHIRARDSLIQSLAAHLELDGFERGPFSERQ 
IKNFHELVRERQEREAKTASQI.LSDLTDKEALKQBQMDEMRDKKSGLGRMIELKTEIL 
TKKQTELRNVRNELQQLEGSSDRILELDQELTKAERELSKAEKNSSIETLKAE1LNLQ 
SEKADLDRNLRKLDQEMEQLNHHTTTRTQMEMLTKDKTDKDEQIRKIKSRHSDELTSL 
LGYFPNKKQLEDWLHSKSKEINQTRDRLAKLNKELASAEQNKNHINNELKKKEEQLSS 
YEDKLFDVCGSQDFESDLDRLKED1EKSSKQRAMLAGATAVYSQF1TQLTDENQSCCP 
GCQRVE'QTEAELQEVISDLQSKLRLAPDKLKSTESELKKKERRRDEMLGLVPMRQSII 
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raise feat ure 



misc feature 



inise feaLur* 



misc: feature 



BASE COUNT 
ORIGIN 

1 
61 
121 
181 
24 1 
301 
361 
421 
481 
5-11 
601 
661 
721 
731 
841 
901 
961 
1021 
108.1 
1141 
1201 
1261 
1321 
13f.n 
1441 
1501 
1561 
1621 
1681 
1741 
180 1 
1861 
1921 
1981 
2041 
2101 
2161 
2221 
2281 
2341 
2401 
2461 



1549 a 

tqcqqqqccg 
tcgggtcctc 
gcccct ggca 
ctctgggcgt 
gcececr.cae 
taaaqtatat 
atcccaaggt 
Leaa tqqaqa 
ccgaatttaa 
teaqctccaa 
ctgtgctaaa 
gaaaggctct 
tagatacget 
aa t tgaaa La 
gtaaggaagc 
^gcc» ttgoo 
aeaa tgaaa t 
tagaacagaa 
aca at cac ca 
tggagaagct 
agcagggtcg 
e&etga L Lea 
gtgaaagaca 
aaacL gecag 
tggatgagat 
t cctgaegaa 
get cot egg a 
gcaaggct ga 
gtgagaaagc 
accatcatac 
ar.gaacagat 
at t ttcctaa 
ayac:t:fjgygH 

a Lea la t aaa 
tgtttgatgt 
1 1 g a c"j a a a r. c 
teat, cac tea 
agaeggaage 
caga t a a act 
t g c t g g g g c t 
a a L t aagaaa 
aggagcagga 



DLKEKEl^PjRNRLQSVNRDIQRLKNDIEEQETLLGTVM^ptSAKVCLTOVTIMERF 

QMELKDVERKIAQQAAKLQGVDLDRTVQQVNQEKQEKQHKLDTVSSKIELNRKLIQDQ 

QEQIQHLKSKTNELKSEKLQIATNLQRRQQMEEQTVELSTEVQSLNREIKDAKEQINP 

LEIALEKLQQEKEELIHRKNTSNKMAQDKINDIKEKVKNIHGYMKDIENYTQDGKDDY 

KKQKETELNEVVIQLNECDKHKEKINKEMGTMRQUIDTKKIQERWLQDNLTLRKRREE 

t,KEVEEERKQHLKEMGQMQVLQMKNEHQKLEENIDTTKRNHST,ATiGRQKGYEEETI.HF 

KKELREPQFRD7VEEKYREMMIVMRTTELVNKDLDIYYKTLDIIAIMKFHSMKMEEINKI 

TRDLWRSTYRGQDTEYIEIRSDADENVRASDKRRNYNYRVVMLKGnTAI.DMRGRCSAG 

QKVLASLIIRLALAETFCLNCGILALDEPTTNLDRENIESLAHALVEIIKSRSQQRNF 

Q t.LV I T H DE D F V E T.4 1.iG RS E Y VE KF YR VKKN I D QC S E T V R\? S T N S I ■ G 3 Y V H " 

846. .2039 

/note— "Myosin_tail; Region: Myosin tai. .1. " 
990, .1958 

/note="f i lament ; Region: Intermediate filament proteins" 
1635. .2144 

/note--^"V_ATPase_sub_a; Region: V-typc AT Passes H6kDa 
subunit family" 
3705. .3986 
/note="ABC 
840 c 



tran; 
1116 



R e g x o n : ABC t v a n s p o r 1: e r 



q 



gaagtgctct 
tcgtggcgtc 
gtgagataag 
gcgaagtttt 
aattttggtt 
t tgtactgga 
tgctcaagaa 
gatggtactt 
aaccctggaa 
atgtgcagaa 
caatgttatt 
gaagcagaaa 
tcgacaggta 
tetgaggcaa 
ccagttagca 
gaotcgectg 
taaagccttg 
gatggaaaag 
gagaactgta 
gagtaaagaa 
tctacaacta 
gtctttggca 
gattaaaaac 
ccagctc ttg 
gagggacaag 
g a a g c: a g a c t 
caggattctg 
gaaaaatagc 
ggacctggac 
aacaacccgc 
c^gaaaaata 
caaaaaacag 
caga cl:. tgeo 
taatgagcta 
ttgtggtagc 
ctcaaagcag 
gctgaeagat 
tgaattacag 
caagtcaaca 
tgtgeccatg 
cagactgeag 
gacactcttg 



cgccgccgga 
ccttcccggc 
aagcgtggtg 
gggatagagg 
ggacceaatg 
gatttccetc 
acagatgtgc 
gtgcagaggt 
ggagtcatta 
atcgaecgag 
ttctgccacc 
tttgatgaga 
cgacagacac 
aataaggaga 
tettcaeggg 
aaagagattg 
gatagcagaa 
gtttttcaag 
agggagaaag 
gctcggctcc 
caggcagatc 
gcacatcttg 
tttcatgaac 
agegacctta 
aagageggge 
gagctgagga 
gagctggacc 
agcatagaaa 
aggaacctgc 
acacagatgg 
aagtecaggc. 
cttgaagact 
aaaobgaacia 
aagaaaaagg 
caagattttg 
cgagccatgc 
yaaaaecag t 
gaagtcatca 
gaatcagaac 
aggcaaagca 
agtgteaata 
ggtacagtga 



939 t 

gctcccactc 
ttgcccagct 
caaacatgte 
ataaagataa 
gggcggggaa 
ctggaaceaa 
gtgcccaaat 
ecatget ttg 
ctagaataaa 
aaatgataag 
aagaagactc 
ttttttcagc 
aaggtcagaa 
aagcttgtga 
aaattgtcaa 
aacataaect 
agaageaaat. 
ggactgatga 
aaa ggegett 
tcaaccagga 
gacat caaga 
aattggatgg 
ttgtgagaga 
co ga ca art go 
tggggaggat 
aogtgaggaa 
aggagctcac 



qcagctcqqq 
tecget tcga 
ccgga t eg a a 
gcaaa t tat c 
gacgaceatc 
aggaaataea 
tegee tgcag 
eag t caga a a 
gcacggtgaa 
t tqtettqqq 
aaattggcct 
aacaagg t a c 
agt aaaagaa 
gatccgaga L 
agectatgag 
e t e t a a a a t a 
qqaaaaaga t 
gcagctaaat 
ggr; agactg t; 
aagagcagag 
gc at ate eg a 
I t t t gag eg t 
gagacaggag 
agege L gaay 
gattgagctg 
tgage tgeag 
aaaagcygaa 
ccctaaaagc agaaatacta 
ggaaactgga t c a gg a g a r g 



agatgettae 
acagtgatga 
ggcttcat tc 
aagaae tage 
aagagcagct 
aaagtgactt 
tggctggagc 
ectgt Lgeec 
gtgacttgea 
taaaaaaaaa 
taattgar.tt 
gagacataca 
tgeccgaaga 



caaagacaaa 
act a act t eo 
taaatccaaa 
1. t: cay <:c:y«H 
g tctagt tat 
agacagactt 
cacageagt t 
aggctglcag 
gtccaagctg 
agageggege 
g a a g g a a a a g 
gegce taaaq 
ggaaagtgct 



tteggaaett 
ggttaaactg 
aagatgagca 
tctttcttca 
attgaatgtc 
t ttgt tcatg 
tttcgtgatg 
agtaaaaaaa 
aaagtcagtc 
gtttccaagt 
ctaagtgaag 
attaaagece 
tgtcaaaeag 
cagatcacta 
aatgagcttg 
a tgagacttg 
aacagtqaat 
gacttgtatc 
eagegtgaac 
ctgcttgtgg 
gecagagact 
gcjaccat tea 
agagaagcta 
ca gaga caga 
aagaccgaga 
eagctggagg 
egcgaactaa 
aacctccaaa 
gagcagttaa 
actgacaaag 
etgttgggat 
gagattaatc 
c: a a a a t a a a a 
gaagataaac 
aaagaagata 
r.acteecagt 
aqay tatttc 
aggcttgetc 
cgtgatgaaa 
gaaa taecag 
aa tgacatag 
aaagtgtgcc 
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2521 
2531 
2641 
27 01 
2761 
2821 
2881 
2941 
3001 
3061 
3121 
3181 
3241 
3301 
3361 
3421 
34 81 
3541 
3601 
3661. 
3721 
3781 
3841 
3901 
3961 
4021 
4 081 
4141 
42Q1 
4261 
4321 
4381 
444 1 



tgacagacgt 
ttgeacagea 
accaggaaaa 
acegtaaget 
agctgaaatc 
agcagactgt 
aagagcaaat 
tgatccacag 
agaaagttaa 
aagatgacta 
aatgtgacaa 
acacgaagaa 
aggaactaaa 
aagttttaca 
gaaatcacag 
agaaqgaqet 
ttgtcatgag 
ateaegcaat 
atctttggcg 
ctgatgaaaa 
tgaagggqga 
cctctctcat 
ccttggatga 
tggttgagat 
acgatgaaga 
tgaagaagaa 
cttatgttca 
caggt ttgag 
acaggectag 
ccagataaac 
gctgttttct 
atgcacacaa 
gcta 



cacgatl^p^ 

ggcagctaag 
acaagaaaaa 
tatacaggac 
agagaaact g 
ggaattatcc 
aoaccctttg 
aaaaaataca 
aaatattcat 
taagaagcaa 
acacaaagaa 
gatacaggaa 
agaagttgaa 
gatgaaaaat 
tttggcattg 
ccgagaaccb 
aaccacagag 
aat gaaat I t 
gagtacctat 
tgtatcagct 
tacaqect tq 
catccgactg 
gcctacaaca 
tataaaaagt 
ttttgtggag 
catcgaccag 
ctgacttgtt 
agttcetgag 
caacctccca 
agtgctct tg 
ctgaagctta 
cctqtetqtc 



gaqaggttcc 
ctgcaggggg 
caacacaaac 
c.agcaggaac 
cagatageca 
act gaagt t c 
g a g a t. a g c a c 
ag taacaaaa 
ggt taeaiga 
aaagaaactg 
aagat.aaa t a 
aggtggt tac 
gaggaacgaa 
qagcaccaga 
gggegacaga 
eaqi i: leqqq 
ctggt.gaata 
cacag i_ai:ga 
cgtgggcaag 
r.ct.ga r.aaaa 
qacaLqcqeq 
gccctggccg 
aacc tggacc 
cgctcgcagc 
ct cc taggac 
tgc tcaqaga 
ttgggaggga 
a tcgLqagg I 
gtt ptgetea 
agagcagtgc 
gagtgar.att 
egaqectagq 



agatggagct 
tagacttgga 
tggatacagt 
aaattcagea 
ecaatttgea 
agtctttgaa 
tggaaaagt. t 
tgqctczagga 
aagacataga 
aacttaatga 
aagaaatggg 
aggat aacct 
agcaacattt 
agttggaaga 
aaggctatga 
atqcagaqqa 
aggacctgga 
aaatggaaga 
atattgaata 
ggegaaatta 
qacgatgcag 
aaaccttctg 
gagaaaacat 
agegcaaett 
gatctgagta 
ttgt caagag 
tgtggattgg 
tgect tgaat 
gctgtttatt 
Lgacaggagt 
tagtaagtgg 
tettecctqa 



aaaagal 

tcggact.gT.c 
ttccagtaag 
cctgaaaagt 
aeggegtcag 
cagagaaata 
gcagcaggaa 
taagatcaat 
gaatta tatt 
agttgtcatt 
aaccatgagg 
tacactgaga 
gaaggagatg 
gaacatagac 
agaagaaat.t 
qaagtacaqa 
catctactac: 
aatcaacaaa 
catagaaatt 
caactaccga 
Lgctggacaq 
tetgaactge 
cgagtctctg 
ccagcttctg 
tgtggagaaa 
cagcatcaac 
gtgaagggaa 
gaagactgaa 
tcctgcctac 
ggtgagcat t 
ccctgcttta 
aaecacaqtc 



gaaaggaaaa 
cagcayg i: ta 
attgaattga 
aaaacaaa tq 
caaatggagg 
aaqga tgcta 
aaagaayaaL 
gatatcaaag 
caagatggaa 
caactaaatg 
caagatat tg 
aaaagaagag 
ggacagatgc 
acgataaaga 
cttcacttta 
qaaatqatga 
aaaactcttg 
attattegtg 
cgatccgatg 
gtggtga tge 
aaqqtqctgg 
ggczatccttg 
geacatgetr t 
gtcatcactc 
ttctacaqag 
tctctgggct 
ctgtgtatgg 
cacagttccc 
tgaatgtcac 
tcaaagtgtt 
acatgaatcc 
at tgaacggg 
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LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
MEDLINE 
REFERENCE 
AUTHORS 

TITLE 
JOURNAL 



FEATURES 

source 



MMCJ668 87 5088 bp mRNA linear ROD 15-NOV-1996 

Mus musculus DMA repair protein RAD50 (RAD50) mRNA, complete cds . 
U66887 

UG6887.1 GI:1575574 



gene 
CDS 



Crania ta; V^tebrata ; Euteleostomi ; 
Sci urogna t hi / Muridae ; Murinae ; Mus 



Po jak, L . , Tr,<ii, S . C. 



W^i n g , H . , 

expressed 



house mouse. 
Mus musculus 

Eukaryvta; MeUa^oa; Chorda la ; 
Manmia 1 la / Eut her la ; Rodent I a ; 

1 (bases 1 to 5088) 
Kim, K. R\ , Daud, A. I . , Wong, 5 . C . 
Henzel, W. J. and Field, L.J. 

Mouse RAD50 has limited op i topic homology to p53 unci is 
in the adult myocardium 

J. Biol. Chem. 271 (46), 29255-29264 (1996) 
9706 7103 

2 (bases 1 to 5088) 

Kim, K.K., Daud/A-I-, Wo:ng,S.C., Pajak,L., Tsai,S.C\, Wanq,H., 
Henzel,W.J. and Field, L.J. 
Direct Submission 

Submitted ( 14 -AUG-1996 ) Medicine, Indiana University, Kranncrt 
institute of Cardiology, 1111 West lOLh Street, Indianapolis, IN 
46202-4800, USA 

Location/Qualifiers 

1. .5088 

/organism-- "Mus musculus" 
/db_xref="taxon: 10090" 
/ chroma some=" 11 11 
Anap= " A5 -BIMou " 

/cell type= n AT-2 cardiornyocytes" 

1. . 5088 

/gene="RAD50 n 

243. .4181 

/g<*ne="RAD. L '>0 " 

/f unction="QNA repair protein" 

/codon_start=l 

/product="RAD50" 

/protein id=" AAC528 94 . 1 " 

/ d b_ x r e f = " C T : 1 5 7 5 5 7 5 T T 

/translation«"MSRiEKMSILGVRSFGIEDKDKQIISFFSPLTILVGPNGAGKTT 
IIECLKyiCTCDFPPCTKCNTFVHDPKVAQRTDVRAQIRLQFRDVNGEMVAVHRSMLC 
SQKNKKTEFKTLEGV1TRMKHGEKVSLSSKCAEIDREMISCLGVSKSVLNNVIFCHC.)E 
DSNWPLSEGKALKQKFDEI FSATRYIKALDTLRQVRQTQGQKVKECQTELKYLKQNKE 
K AC E T R DQ T T S KE AQL A S S Q F. T VR $ Y E DFJ , E P T , KN RT J<EJ E H NT , S T< T MKT X)N E T K A T , E 
S RKKQME KDN S ELEQKMEKVFQ GT D E QLN D L Y 1 1 N 1 1 Q RT V RE KE RRL V DC QRE L EKLN K 
F.ARLTiNQEKAFJJ..VEQGRIiQTiQADRHQF.HTRARDSI.T.QST,ATHT.ET.iDGFERGPESERQ 
IKNFHELVKtiRQEREAKTASQLLSDLTDKEALKQHQLDELRDRKSGLGRTlELKTEIL 
TKKQSELRHVRSKLQQLKGSSPRlXjELDQEIiTKAERELSKAEKNSSIETLKAEVMSLQ 
NEKADLDRSLRKLDQEMEQLNHHTTTRTQMEMLTKDKTDKDEQIRKIK.SRHSDELTSL 
T.,CYFPNI<I<QLEDWLHSKSKEINQTRDRI.AKLNKELASAEQNKNHINNELKKKEEQLSS 
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yedklf^^sqdlesdlgrlkeeieksskqramlagatI^^qfitqltdf.nqsccp 

vcqrvfqteaelqevisdlqsklrlapdklksteselkkkerrrdemlglvpvrqsii 
dlkekeipelrnrlqsvnrdiqrlkndieeqetllgtimpeeesakvcltdvtimf.rf 

QMELKDVERKIAQQAAKLQGVDLDRTVQQVNQEKQEKQHRL0TVTSKIELNRKL1QDQ 
QEQIQHt.KfSKTNELKSEKLQIATNLQRRQQMEEQSVELSTEVQSLNRF.IKDAKEQISP 
LETALEKLQQEKEhiLlHRKHTSNKMAQDKlNDIKEKVKNIHGYMKDIENYIQDGKDDY 
KKQKF.TELNGVAVQLNECEKRREKINKDMGTMRQDTDTQKT.QERWT.1QDNI.TLRKRRDE 
LKEVEEE PKOHLKEMGOMQVLQMKNEHQKLEENI DTIKRNHS LALGRQKG YE DE I LII F 
KKELREPQFRDAEEKYREMMIVMRTTELVNKDLDIYYKTLDQAIMKFHSMKMEEINKI 
I RDLWRS T YRGQDI EY I E I RS DADENV5AS DKRRN YN YRVVMLKG DTALDMRGRC 5 AG 
Q K V T. . A S T. » T T R T. . AT.. A R T FC LN C G T X . AL D E P T T N L D RF, N I K S T.« A H A T> V F. T T K S R S QQ RN F 
QLLVITHDEDFVELIjGRSEYVEK£ h YRVKKNMDQCSEIVKCSISSLGSYVH" 



BASE COUNT 
ORIGIN 

1 
61 
12 1 
181 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
90*1 
961 
1021 
1081 
1141 
1201 
1.2 61 
1321 
1381 
14 41 
1501 
1561 
1621 
1681 
174.1 
1801 
1861 
1921 
1981 
2041 
2101 
2161 
2221 
2231 
2341 
2401 
24 6} 
2521 
2581 
2641 
27 Ql 
2761 
2821 
2881 



1705 a 1036 c 1264 g 1083 t 



gtgcgagctt acggttgctg 
ccgcgccebe ccqggaaace 
otogtgccag oggctgttcg 
ccaqe 1 1: eeq c 0 1 1 q ag g 1 1 



acatgtcccg 
aagataagca 
cgqggaagac 
gaaccaaayy 
ccoaga t teg 
tget t tqcag 
gaatgaagca 
tgabaag btg 
aagactccaa 
it teggcaac 
gtcagaaagt 
cgtgtgagat 
ttgtcaggtc 
acaacctgtc 
aacaaatgga 
clgatgagca 
ggcqcctqgt 
accaggaaaa 
a tcaagagca 
tggatggttt 
tgaaagagag 
acaaagaagc 
ggaggacgat 
tgaggagtga 
aqetcacgaa 
taaaagcaga 
agctggacca 
tgctcaccaa 
gtgatgaaet 
t teat te baa 
agctagcttc 
aacagttgtc 
gtgatttggg 
caggagccac 
gctgcccagt 
acttgcay be 
agaaaaaaqa 
ttgatttgaa 
aca lacagcg 
ctqaaqaaqa 
tggagctgaa 
acttggaccg 
atacag1;.t.ae 
tecaaeacet 
atttgeaacg 



gatcgaaaag 
gat t at etc t 
qaccatcat t 
aaataeattt 
ectgeag 1 1 1 
Leaqaaaaat 
tggtgaaaaa 
Lettygggt l 
ctggccttt a 
a a gg ta cat t 
aaaagagtgt 
ecgagatcag 
ctacgaggat 
taaaa taatg 
gaaagataac 
getaaatgae 
agaetgecaq 
agcagagctg 
caiccgagce 
tgagcgtgga 
acaggaaaga 
Lcbgaagcaq 
tgagctgaag 
getgeagcag 
aqctqaacgt 
ggtaa tgagc 
ggagatgyag 
agacaaaact 
aa cttcactg 
atccaaagaa 
agetgaacaa 
cagt.tac.gaa 
cagacttaaa 
agcag tttao 
ctgtcagaga 
caagctgagg 
gcggcqccgt 
ggaaaaggaa 
cctaaagaat 
aaqtqctaaa 
agatgttgaa 
gactgtccag 
cagtaagat 1. 
gaaaagtaaa 
gcgecageaa 



getegcttgg 
gaagcccgcg 
gaacttttgg 
aaaac tegee 
atgagcattc 
r.tcttcagcc 
gaatgtctaa 
y ttcabgatc 
cgagatg tga 
aaaaaaaeaq 
gtcagtctca 
becaagtctg 
agtgaaggaa 
aaagecttag 
caaaeggaat 
attacgagta 
gagcttgagc 
aooettgata 
agtgaat tag 
L ty La Lcaca 
cgaqaactyq 
cttgtggagc 
agagactca t 
ccattcagtg 
go a get. aa a a 
ay g cage l tg 
ac a gaga tec 
ctggagggc t 
qaattaagca 
eteeaaaatg 
eagt taaacc 



cttttctggg 
gggccggaag 
gtectetege 
cctggcactg 
tgggcgtgcg 
ccctcacaat 
agtatatttg 
ccaaggt bye 
atggagaga t 
aaLt taaaae 
gctccaaatg 
tgctaaacaa 
aggctttgaa 
atacacttcg 
tgaaatatct 
aggaagecca 
cattgaagaa 
atgaaattao 
aacagaaaat 
atcaccagag 
aqaagetgaa 
agggtegtet 
taattcagtc 
aaagacagat 
ctgecagcca 
atgagctgag 
tcacgaagaa 
cc tccgacag 
agqccgagaa 
agaaagetga 
atcatacaac 



gacaaagatg aacagatcag 
t tggggtact ttectaacaa 



attaat eaya 
aataaaaate 
gacaagctat 
gaagaaattg 
L coca gt tea 
gtatttcaga 



eeaqqqacag 
atataaataa 
ttgatgtttg 
aaaagtcctc 
ttaegcaget 
cagaggctga 



c t 1 ge t cc a g a t a a a c t c a a 
gatqaaatgc ttqyycttyt 



ar.aeeagaat 
gaca Lagaag 
gtqtqcctga 
aggaaaattg 
eaggttaace 
yaa L 1. gaa.ee 
acaaatgagc 
abgyaggaqe 



taagaaaccg 
agcaggaaac 
cagatqttac 
cacaqcaggc 
aggaaaagca 
gtaagettat 
tgaagtcaga 
aqag tglgga 



ctgtgcagac 
tgc Let eg cc 
ggcgttectt 
agtaaaggaa 
aagttttggg 
tttggttgga 
tactggagat 
teaayaaaca 
ggtagotg tg 
CL Lqqaaqqa 
tgeagaaate 
tgttattt ce 
gcaaaaattt 
acaggtgcgt 
gaagcaaaat 
gttagegtot 
tegectgaaa 
agecttggag 
ggaaaaggtt 
a a ea g 'La a gg 
Laaagaagca 
aeagctacag 
tttggeaaca 
taaaaatttt 
get ett gage 
ggaeaggaag 
geagagegag 
gattetggaa 
aaatageage 
eetggaeagg 
aacccgcaea 
aaaaataaag 
aaaaeagctt 
acL L q oca a a 
tgagctaaag 
tggtagceaa 
aaagcagega 
gaeagatgaa 
gttacaggaa 
gt eaacagaa 
yeeey tgagy 
actacagagt 
aotcttgggt 
aatcatggag 
agctaagctg 
ggaaaagcag 
aeaggacoag 
gaagctgcag 
ab LaLceacL 



cetaaeegge 
aecqqaqctc 
cceggot. tgc 
eg t qq tqeaa 
atagaggata 
ceeaatgggg 
Ltccetcetg 
gacgtgcggg 
eacagy LcLd 
qtcattacta 
gacagagaaa 
igieaceaay 
gatgagattt 
caga cacao g 
aaggagaaag 
tegcaggaaa 
gagattgaac 
agecgaaaga 
tttcaaggga 
gagaaayaaa 
cqqctcct ca 
gc a gat ogee 
eaten igaat 
catgaacttg 
gaeetgaoag 
ageggaebyg 
ctgcggcdcg 
e tgga.ee agg 
ataqaaaccc 
agettgegaa 
eagatggaga 
tctaggcaca 
gaagac tgge 
Cl qaacaaaq 
aaaaaggaag 
gatttgga aa 
gecatgetgg 
aaeeagteet 
gtcatcagcg 
Lcggaaetya 
eaaagcat aa 
gt caatagag 
aca a taa tgc 
agg t tccaga 
cagggagtag 
cacaggctgg 
caggaaeaaa 
atagccacca 
qaaqt ccagt 
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2941 
• 3Q.01 
3061 
3121 
3181 



ctttaaacag agaaat^^^f gatgetaaag aar.aaataag cccttt g acagcattgg 

aaaagttgca gcaggaaaaa gaaqaattaa teeacagaaa acatacaagt aacaaaatgg 

ctcaggataa aattaatgat atcaaagaga aagttaaaaa tattcatggt tacatgaaag 

acatagagaa ttataLLcaa gaLggaaaaq atigactacaa gaagcaaaaa gaaactqaae 

LLaatgga g t t g c t g 1 t: o a a c t a a a t g a a t g t g a g a a a c a c: a g a g a a a a g a t a a a t a a a g 

3241 acatgggaac catgaggcaa gacatcgaca cacagaagat acaggaaagg tggctacagg 

3301 ataaccttac ac laagaaaa aqqagagaLq aactaaaaga agtggaagaa gaaecaaaac 

3361 aacacttgaa ggagatggga caaatgeaag ttttacaaat gaaaaatgag catcagaagt 

34 21 tggaagagaa catagacact ataaagagaa atcacagttt ggcattgggg eqLcagaaag 

34 81 gctatgaaga cgaaattctt cactttaaaa aggagctccg agaacctcag ttccgggatg 

3541 ccgaggaaaa gtacagagaa atgatgatcg tcatgaggac cacagagctg gtgaaeaagg 

3601 acctcgacat ctactacaag actcttgacc aagcaattat gaaatttcac agtatgaaaa 

3661 tggaagaaat caacaaaatt attegtgote tttggcggag tacctatcgt gggcaagata 

3721 ttgaatacat agaaattcga tetgatgetg atgaaaatgt ateggcttet gataaaaggc 

3781 gaaattacaa ctaccgagtg gtgatgctga agggggacac agecttggae atgcgtggac 

3841 gatgcagtgc tggacagaag qtgetagegt etctcateat ccgactggcc ctqgeggaaa 

3901 ccttctgtct gaactgtggc atccttgcct tggatgagee gacraacaaat ctogacogag 

3961 aaaacattqa gteiettgca catgettegg ttgagatcat aaaaagtege tcaeaqcagc 

4 021 gcaacttcca acttctggta atcactcacg atgaagattt tgtggagctc ttagggegat 

4081 ctgagtatgl: ggagaaatto tacagggtga agaagaacrat ggaccagtgc tcagagat tg 

4141 LcaagLgcag calcogclce ctgggttctt at gt tea eta acttgtcttg ggaaggaiot 

4 201 ggaLLgLgLq acqqqaacca Lqtq Lqtcaq q 1 1 tgaqaqt ccctaaqatc qqqaqgeLgrj 

4261 cttgagtgaa gatgaacaca gt-tcccacag gcctagcaac ct.ee cage ?±c oaoLciagoct. 

4321 ttcatttcct gecaactgaa tgtcatccag ataaacagtg ctgacaggag gqgtqgacat 

4 381 ttaaacacat tactattttc tctgaagctt gaaggtatat ttaatacgta gccctgctgt 

4441 cacatgaatc catgcacacg acctgtcbga gtctaggtct cccctgaaac eae&qtcatt 

4 501 gaaegggget ggcagagtga cagaagecat eggtgatcat ttagtggaat aegcagtteg 

4561 ctccccatgc agccatacca gataggtacc ctggctggct gttagagaag agctrLeecca 

4 621 gtcctgacct catctgccca teatgeagaa gcctggcgct ctcctctgtg tctgtcatgt 

4681 ctatciatgt ggccLggecc agttactctc aatagcaggt tctcctgtgg cfcggaaagga 

4741 gactcacgca getggagect gctccacgca cagacctgca aaggcaaacc acattttcac 

4 801 tccagaggct gagcctggtg aagtccagta cacatctcca eggcattgea gei. gaageel 

48 61 cctgtgaaga caggacacat ctaagtcaca cgcttecaga tgtcactaac agttctctca 

^92 1 c I c a g c I g g g I g g c c I g 1 1 c I g I g c c a I c L g c a g a 1 1. 1 g t t g g g t g I c a c e I c l a g a a c a 

4981 aaggtttttt cttcccactg tcttccttca ggaatataaa accacgtcaa teaaatgeat 

5041 acbgagaata ga Lea Laaga. aaaatLactt taaaataaaa ^^^e^cieri 
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PIONEER HI -BRED DSM 



0025 



! IAA_MULTIPLE_ALIGNMENT 1,0 PileUP 

Symbol comparison table: genrundata:blosum62 . cmp CompCheck: 1102 
GapWeight: 8 GapLengthWeight : 2 

MSF: 1380 Type: P February 11, 2002 15:38 Check; 219 . . 



U63139aa 

Z75311aa 

NM022246aa 

U66887aa 

AAD154 07aa 

AF168748aa 

1116sid2 

X14814aa 

Z75312aa 



Human Rad50 

Human RadSO 

Rat RadSO 

Mouse RadSO 

Arabidopsis RadSO 

Arabidopsis RadSO 

SEQ ID NO: 2 Maize Rad50 

Yeast RadSO 

C. elegans RadSO 



FORMATTING: 



U63139aa 
Z7531laa 
NMQ22246aa 
U66887aa 
AADl5407aa 
AF168748aa 
1116sid2 
X14814aa 
Z75312aa 



U63139aa 
Z753llaa 
NM022246aa 
U66887aa 
AADlS407aa 
AFl68748aa 
1116sxd2 
X148l4aa 
Z753i2aa 




U63l3 9aa 
Z753llaa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1115sid2 
Xl48l4aa 
Z753i2aa 




TK H.SBK^SESS 
IK liUs 

k U.&®msB$s 



i^Qiviii- B^|S^T fiSLMBACafe 



.sg||a^i^ e|ht1aiky^ .d§tvnt§1|s |vc|fnt. 
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@]026 



200 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X14814aa 
Z75312aa 




201 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X14814aa 
Z753l2aa 





jSKQ LYE^HVRDKL VA^QiQEECE R^ISKR||EET 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AFl68748aa 
1116sid2 
X148i4aa 
Z753i2aa 



251 

KSYENEBDPXi KN! 

ksyeneIdpl kkt: 
kayenehepl kn! 
rsye|e|epl kn: 

le!ietsg|qkv 

leIetshqkv 

JcGT Baffl ^^_ WB ^_ 5 _ 
SEpESQBNEI TEKSDk|fkL 



300 



kd|s|lee 
kdHsI&lee 




|SDgj{VKRLSN 
fKI^LSLIRV 



301 



350 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
Xi48l4aa 
Z753l2aa 



Iekvfqg] 

2KVFQG 
SKVFQG] 
2KVFQGJ 







LYHNH QR' 
LYHNH QR 4 
LYHNH QR 1 
YHNH QR 1 

1 



^1kreiee| RGSEGRSYGE EI 



klnk: 
kln: 
kl8ke| 

KIiNKE 




KNNQERQEi 



2 
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g]027 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X14814aa 
Z75312aa 



U63139aa 
Z753Ilaa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X148l4aa 
Z753l2aa 



U6313 9aa 
Z75311aa 
NM022246aa 
U66887aa 
AADl5407aa 
AF168748aa 
1116sid2 
X14814aa 
Z75312aa 



400 

B^lq^r| qehiraSeS^l |qsBa1qi-e. IdgfergI§| 
^" w -|qle. Idgferg^P 

2Sif m 




LSjgL KEAFQH^FgG |SN|ENSDM| 
* L EnMrHeLD. "1 . . f|EHDAD I 



BDGFERGfil 

_, ^ RTgr ^B 



450 
E 
E 
E 

„ E 
^fe^ta Ibtaldcii 
'PigfflWTA fiSTAHDCS 



QLIETNLSIZ gKS|TVDSQN 

qsnlrSa(J}a atkIevemkt 




500 



II K M( 



(NELp wkyHlqql§ g^sdrIle! 
IqnelI nvky|lqqlI g|sdr|leS 
nvrn|lqql| g^sdi 
hvrsIlqqlI g^sdi 
■flfi Iltvc 



iBT3&F J 



IFEI 



SLNHgl 



kvk|§Sk e|eqi^fkik q|qnatagm| |ll|keealr ^ladIplHI 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X14814aa 
Z75312aa 



501 

QELilKAERl 
QELIKAES *" 
QELTKAEJ 
QELTKAE* 



550 





SKNSNVE TLKME|ISL$| 
CKNSNVE TLKMEpiSLf" 
SKNSSIE TLK§EiL| 
2KNSSIE TL: 




jfiNAL . TEC 



QSWESENIIP KLNQt 

*1 e k|lkc 




EKFQDRIMKT 



)ILK KKCAEAgKNA EK 



3 



02/14/02 THU 14:50 FAX 515 334 6883 



PIONEER HI -BRED DSM 



@028 



551 



U63l39aa 
Z75311aa 
NM022246aa 
U66887aa 
AADl5407aa 
AFl68748aa 
Ill6sid2 
Xl4814aa 
Z75312aa 




TKDKADK 
ILTKDKADK 
TKDKTDK 
iTKDKTDK 
1 



eqInl |k§hk; 
' "ss 



KKMTAYQRIY DNNW| 




SKTFHKLl 



601 



U6313 9aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X14814aa 




lEDWLHS ks; 
Iedwlhs ks ; 

2DWLHS KS! 

Iedwlhs 

lire 
^RS 

. .ADLEMD 




650 

s|eqnknhin ne|k|keeq| 

sijEQNKNHIN NEpEgKEE^ 
sggEQNKNHIN Ne|k|§KEE<; 

s|eqnknhin ne|k|keec 

MLiNlOToivN NSBFi 



Z753l2aa ^igEEDLRD iQLNV QgfflETMQ HiYRiQEES 





U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AFl6B748aa 
Ill6sid2 
Xl48l4aa 
Z75312aa 




QDNQ 

t|qel1 



IBBK LFDVCGSQDF ESf| §D 

|e|k LFDVCGSQDF Es|, 
|K LFDVCGSQDF Es|, 
LFDVCGSQDL ''^ 





RLKEEI 
RLKEEI 
RLKEDI 




700 

QRAMLApAT 
QRAMLApAT 

IqramlaIat 

>RAMLA§AT 




ALENLK$£H 
LAPLSAKS 



701 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116stid2 
X14814aa 
Z753l2aa 




ITQL TD . . ENQSC:j 
ITQL TD . . EWQSC; 
ITQL TD 

jITQL TD 
■krllllq 



QTTLEgjNR 
NlYDSYI 



ENQSC: 
ENQSC 

*- 

LEIAERDSC) 
EESKSSGC; 




4 
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12) 029 



751 
U63l39aa 
Z753llaa 
NM022246aa 
U66887aa 
AADl5407aa 
AF168748aa 
1116sid2 
Xl4814aa 
Z7S3l2aa 




800 

.ke1|e lrnk§| 
,ke1$e lrni^Bvnr 

SWR 

SVNR 

# SINgKiDN iQgCgEKAKE 

ne 1qrivke|ke vreknrkls| 




U63l39aa 
275311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X14814aa 
Z75312aa 



801 

|iqrl: 




|LGj 

Itktsks 

SEKSNLS KNEKi 




R!F QME 
. ffli 

IggKFTYL EK^8kd|eNS 
; DVGVSsQQL YEQTEENEpR 



U63l39aa 
275311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
Ill6sid2 
X148l4aa 
Z7S312aa 



851 

^QQAAKlQG IDLD. 
\QQAAKj|QG IDLD, 
*2QAAk1qG VDLD. 




900 

ln|kliqdq| 
ln^kliqdc 
ln^kliqdc 



SKTjSEEgSI YNTSED' 

y|q|Vses^Sdgls 



dI$|qhf 
tIsIlqmekd 




IeeyrkJv qegSelqkcs 



901 



950 



U6313 9aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X14814aa 
Z75312aa 




isgL NELGThHsL GEAaJ/. .QA GAFAE£|ETK II^IQEC|TA 



5 
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951 
U63139aa 
Z7S3llaa 
NM022246aa 
U668S7aa 
AAD15407aa 
AFl6S748aa 
1116sid2 
xl4Sl4aa 
275312aa 



1000 




NTSNKIAC 
K NTSNKIAC 
K NTSNKMAC 
iK HTSNKMAC 

r 

_ _ a R |lQVR^KQKT 

isqkrn§d|p daqfk^dIt rnvs|keeek KKAEMe|qMM 



Mi • 





U63l39aa 
Z753llaa 
NM022246aa 
U66887aa 
AADl5407aa 
AF168748aa 
1116sid2 
Xl48l4aa 
Z75312aa 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AFl68748aa 
1116sid2 
X148l4aa 
Z75312aa 




1050 



;EN YIQDGlQgDyi KQ . pSETjfi 
(EN HIQDGKHDYM KQ.JfiETf 
jEN YIQDGKpDY^ KQ.pE 1 
[EN YIQDGK^Dy|| KQ.Iet; 



eft 




FEAKGFjgjELiQ TTIjgEL! 



DTjijKIQEij 
DT^KIQE! 

dt"kkiqe| 

DT§KIQE$ 




VI»SS EgEKHKE 
Vl^gS EjpEKHKE 
Wlial E^DKHKES 





qo; 

ADSNNE 
DSSHiRESI 



VAV&l 
CHS 

ELKEQLDL* 
ATLNffsiE ENQQ^KgFE 

1100 

§serkqh|keB 
|egkqh|ke| 
|erkqh|ke| 

^^^^^ jfegj. ss 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X14814aa 
Z75312aa 



1101 

'KRNH^LAL 

Ikrnh|iiAL 
krnhslal 
krnhslal 

ijjlpcr 

. . . rit|qkq ayn|lq^lr l|gn|e^|iy T< 




aeaerdkyqe 



1150 

tQKGpEEEp IHF^K^^EP 
IEEE! IHF;|K^bp 
tQKGiEEEi LHF|l^iEP 
L |EDEiLHF|l^liEP 
elsil 

jKQLiNli DSLTHQp 

JqeIekik kiabak|stk 



6 
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El 031 



1151 

U63l39aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X14814aa 
Z75312aa 




ECQK 



1201 



1250 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
Xi48i4aa 
2753l2aa 




ENV^A SDK 
'ENVgA SDKR§Nj 
EJtfvffA SD 
ENV; 




/TSEt| S KKVlYEil 



1251 



1300 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AF168748aa 
1116sid2 
X14814aa 
Z75312aa 




1301 



U63139aa 
Z75311aa 
NM022246aa 
U66887aa 
AAD15407aa 
AFl68748aa 
1116sid2 
X14814aa 
Z75312aa 




FDENGKL RGRDMg 




1350 

JRSE^ 

IrseyvI 

RSEYV| 




NAAAE 

TISCRPgYHg 



7 



